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Sidney Gilchrist Thomas 


suggestion of paradox in 

associating the word 
‘centenary ’ with the name 
Sidney Gilchrist Thomas. 
One hundred years would 
seem a long period of time 
contrasted with Thomas’ 
tragically short life-time of 
35 years and the still shorter 
period of ten years which he 
devoted to the investigation 
and the triumphant solution 
of the problem of dephos- 


on is just the faintest 


A COMMEMORATIVE LECTURE 


By James Mitchell, C.B.E. 


Sidney Gilchrist Thomas was born in London on 
16th April, 1850. He was the son of William Thomas, 
of the Law Department, Somerset House, and Millicent 
Thomas (née Gilchrist). _ He waseducated at Dulwich 
College and at the Birbeck Institute. Intending to 
adopt Medicine as a career, the untoward early death 
of his father changed his plans. He became a civil 
servant, a clerk at the Thames Police Court, in 1867, 
and spent his time, outside office hours, in the 
study of Science, taking successfully such examin- 
ations of the School of Mines in metallurgy as were 
open to him as an external student. He collab- 
orated with his cousin, Percy Carlyle Gilchrist, in 
the solution of the problem of the removal of 
phosphorus from iron in steelmaking. Intense 
activity, representing serious over-work, led to a 
breakdown in his health, and, in spite of world 
travel to regain it, he died in Paris from lung 


Styria, the ‘iron knob’ in 
Australia, and the Indian 
ranges ; the gigantic deposits 
of the Great Lakes ; and the 
magmatic masses of Scan- 
dinavia. These and many 
more parts of the earth’s 
surface became available to 
provide iron in the quanti- 
ties we take as commonplace 
today, because man _ had 
been equipped with a means 
of eliminating phosphorus 
from the content of their 
storehouses. 


phorizing iron. On _ the 
other hand, one hundred 
years is a minor period if 
taken as the measure of the magnitude of his accom- 
plishment. 

Technical and scientific progress represents the 
oft-times puny efforts of man to solve problems set 
by nature with almost baffling artfulness. There is 
no better illustration of this than the close association 
of iron and phosphorus in the earth’s crust. Iron, a 
metal capable of such extensive use by man in his 
various activities, has been provided in truly ample 
quantities, but in association with a material which, 
unless a method for its elimination is found, destroys 
its real usefulness. 

The introduction of the Basic Process in 1879 
opened up the iron-bearing riches of the world and 
placed the iron and steel industry on the broad-based 
foundation which gave it an importance, probably 
second to none, in the process of the development of 
civilization. 

Consider, for instance, the significance of this dis- 
covery in terms of geography: the siderites and 
blackbands of this country ; the minettes of Luxem- 
burg/Lorraine ; the ore mountains—the Erzberg in 
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trouble, on Ist February, 1885. 


This may seem a some- 
what imaginative approach 
to our subject, but, even if this be true, it is surely 
appropriate in the light of Thomas’ ancestry—a 
combination of the Welsh and Highland Celt—an 
Englishman by birth certainly, but descended from 
forebears not too remotely connected with the fervour 
of Welsh and Scots causes. Surprisingly little is, in 
fact, known of Thomas as a man, apart from those 
activities devoted to his chief life-work. He 
seldom or never appears, so far as we have been able 
to trace, in the galaxy of remarkable personages whose 
sayings and doings are a feature of the autobiographies 
and memoirs of the crowded mid-Victorian stage. 
Practically all that we know of him as a man can be 
gleaned from two volumes!: 2 by relatives (his sister 
and his cousin) and in numerous letters to correspon- 
dents which these works reproduce. We may picture 
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the physical man—spare, with perhaps, later, the 
stoop of the invalid, but with an alert step, a kindly 
eye, and the fine head of the thinker : his portraits 
suggest the musician or the poet. Of abstract chara- 
teristics, we know that he was industrious to a 
remarkably high degree, with the sense of duty and 
responsibility highly developed, and a capacity for 
liking and being liked by a wide diversity of people. 
It is on record that he appealed to such very 
different individuals as Andrew Carnegie and William 
Ewart Gladstone.* There is a repeated suggestion 
too, in his letters particularly, of a strong sense of 
fun, maybe even of mischief. He certainly possessed 
the truly great man’s first essential characteristic of 
being ironically amused at his own apparent impor- 
tance in the sight of others. He can be credited with 
a streak of almost super caution. He did not relinquish 
the small but sure competence of his salary as a clerk 
at the Thames Police Court until the first royalties 
from his process became available. 

Of his thoroughness in all matters to which he 
turned his mind, the most striking examples 
perhaps are the exhaustiveness of his enquiry into 
patents and patent law, which, at least on one 
occasion, enabled him to advise his own professional 
patent agents, and his feat of acquiring a working 
knowledge of the German language, used principally 
and successfully to defend his patent rights in the 
German Courts. These last instances may suggest 
that he had—something that is not remarkable in one 
of his ancestry—what is known in the North as an 
“eye to the main chance,’ but it was an altruistic 
eye. He was much more successful than some of the 
luckless inventors of the period in securing a financial 
return from his invention, but, as part of the private 
man, it is worth recalling that all these gains, and 
they must have been considerable, were left in trust 
to his sister for the benefit of the workers, or as he 
wrote to her “. . . in doing good discriminately . . .” 
How well that trust was carried out does not perhaps 
concern us here, but it is gratifying to learn of the 
number of social reforms which directly or indirectly 
were promoted by revenues derived from Thomas’ 
financial rewards for his efforts. Somebody said the 
other day that “great men should be remembered 
and assessed in terms of the achievement through 
which they acquired greatness.” Surely in Thomas’ 
case to do this we would be minimizing his essential 
greatness. 

For our purposes, however, his outstanding charac- 
teristics were his pertinacity, patience, and a real 
ability to lead and inspire those with whom he was 
associated. Attractive as it may be to dwell on what 
must have been a very pleasing personality, it is his 
contribution to technical knowledge, the methods by 
which he made it, and the implications of these, which 
still remain for us as important today. 

It is unnecessary, except in the briefest terms, to 
outline the story of Sidney Gilchrist Thomas and his 
all-important invention. This was done‘ in admirable 
manner before this Institute, by the late Mr. F. W. 
Harbord, as recently as 1937. It is proposed to recall 
only such parts of it as may be required in the context 
of the considerations just mentioned. 

For twenty years before 1877, the battle of steel, as 
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it would certainly have been called in our day, had 
been waged against wrought iron as a structural 


material, with one serious disability on the part of 


the attacker. The steelmaking processes of Bessemer 
and Siemens, whilst they could refine iron more 
quickly and more economically than the older puddling 
process, failed completely to remove any phosphorus 
present in the original pig iron. Many varied and 
highly ingenious theories were advanced to explain 
this disability. We must remember, of course, what, 
for want of a better expression, one may describe as 
the climate of metallurgical thought of the time. 
This climate, as we are now, wise after the event, in 


a better position to appreciate, included a bank of 


fog arising from existing metallurgical practices. 
The current theories and ideas were based on rela- 
tively simple chemical conceptions : substances were 
either ‘acid’ or ‘ basic’ and had affinities for one 
another which varied from substance to substance 
and between the substances themselves. 
the reversible reaction received little or no attention, 
if indeed it had been conceived. The expression 


P.O; 


~~ [P}*(FeO)5(CaO)? 


would have had no meaning. 

The practical experience of the period was almost 
as simple, and liable to be just as misleading. The 
only generally known example of even partial de- 
phosphorization of iron was that achieved in the 
puddling process where, perhaps, 80% of the total! 
phosphorus charged to the furnace was eliminated so 
far as the resultant metal was concerned. 

Even in those early days, however, the effect of 
temperature on chemical reactions was recognized as 
having some significance. The difference between the 
finishing temperature of the puddling process and of 
the acid Bessemer converter was not unnaturally 
suggested as having some connection with the 
phenomenon of non-removal of phosphorus. The 
relatively short duration of the blow was also advanced 
as yet another explanation. As Thomas pointed out 
later, if these were, in fact, valid explanations, then 
it was almost hopeless to expect that phosphorus 
could ever be removed during refining. 

It is more than clear that the established metal- 
lurgists of that day were seeking a solution of the 
problem of phosphorus removal along the lines of 
which they already knew something through existing 
processes. 

In September, 1878, at London, Lowthian Bell read 
a paper® before this Institute “‘ On the Separation of 
Phosphorus from Pig Iron.”” Working on the reactions 
of the puddling process as they conceived them, Bell 
and various other metallurgists were endeavouring 
to eliminate phosphorus by washing processes, the 
chemical detergents being oxide of iron and similar 
materials. 

The discussion of Bell’s paper focuses, in an interest- 
ing manner, the metallurgical thought of the period. 
The most interesting feature of the discussion, how- 
ever, was that it provided the opportunity for Thomas 
to make the first public intimation of his own success 
in solving the great metallurgical problem of the time. 


MAY, 1950 


The idea of 
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At the end of the discussion, which in fact under- 
lined the failure of all eminent metallurgists of the 
day to remove phosphorus to the required degree, a 
young man of 27 rose and intimated® that he had, in 
fact, achieved this end. Surely this must constitute one 
of the more amusing ironies of metallurgical history. 

An eyewitness records? : 


‘*. , . I remember distinctly the pitying smile of 


derision and the stony stare which pervaded the 

countenances of the distinguished assemblage. No 

one thought it worth while to refer to Mr. Thomas’s 
claim or ask him ‘ How he did it ?’.. .” 

It has been recorded in several publications that 
the claim was received, not with incredulity but with 
an attitude much more deadly from the point of view 
of progress ; it was ignored. This negative procedure, 
so lethal, one understands, to the pursuit of a political 
career, was not, in fact, adopted. Thomas’ claim was 
not ignored, but it was treated with bland paternal 
scepticism which so frequently acts as a spur to 
younger minds. The Institute proceedings® report 
Lowthian Bell, in his reply, as saying : 

“With regard to what Mr. Sidney Thomas hoped 
[author’s italics] to do with the Bessemer Converter, 
he was so much interested in freeing iron, and par- 
ticularly Cleveland iron, from phosphorus, that he 
should hail as a public benefactor, any gentleman 
who would come forward and do the work more 
perfectly or more economically than he had been able 
to effect this object himself.” 

Bell and the other metallurgical elder statesmen of 
the day did not have long to wait to ‘ hail the public 
benefactor,’ as, within a year, a paper was presented 
which was to establish the truth of the young man’s 
claim. He had certainly effected the object *‘ more 
perfectly ’ and ‘ more economically ’ than was possible 
by the earlier and less satisfactory methods to which 
they had been directing their efforts. 

The paper by Thomas and Gilchrist on ‘ The 
Elimination of Phosphorus’ was prepared for the 
Autumn Meeting of 1878, which was held in Paris. 
Time, however, was not available to permit of it 
being read and discussed. It has been suggested that, 
because of the postponement of a communication 
which, we now know, was of first importance, the 
Council of the day exhibited politeness rather than 
prescience, the greater number of papers taken being 
by Continental authors. We can the more readily 
accept the charitable view that time alone was the 
reason for the omission in that it was indeed welcome 
to Thomas, and, further, when the matter was 
presented® in full at the Spring Meeting of 1879, a 
complete process, commercially proven, was given 
to the world. 

The original paper recounts the experimental 
campaigns with apparatus, the largest units of which 
could not handle more than a maximum of 12 ewt. 
of iron. It sets out the results which led to the 
fundamental conclusion of the work, best given in 
the author’s own words : 

* It is on the production of a basic earthy slag by the 
additions of large quantities of calcareous bases, and 
without excessive waste of linings and metal, and the 
construction of a durable basic lining, that, we venture 
to think, the economic solution of the phosphorus 
problem depends.” 
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The delay at the Paris meeting had one further 
important and probably decisive result on the develop- 
ment of the process. The preprint of the paper and 
a meeting with Thomas, during a visit to Le Creusot, 
interested Mr. E. Windsor Richards so much that he 
obtained the consent of his Directors to proceed 
immediately with trials of the process on a works 
scale at Bolckow Vaughan’s plant at Middlesbrough. 
The results of these trials added immeasurably to the 
rapid commercial development of the process.?° 

When, in due course, the subject was discussed at 
the Spring Meeting of the Institute on 7th and sth 
May, 1879, the meeting™ took a form which could be 
described, without exaggeration, as an International 
Symposium. The speakers taking part came from 
almost every country which at that time could be 
regarded as having an immediate interest in the 
solution of the phosphorus problem. 

In addition to Thomas and Gilchrist’s origina! 
paper, an addendum,!* concerned very largely with 
the progress of the Middlesbrough work, was read. 
There were also various other contributions from 
metallurgists who had given of thought, time, and 
work to the problem. 

The most interesting of these was undoubtedly a 
paper!? by Mr. George J. Snelus on * The Removal 
of Phosphorus and Sulphur during the Bessemer and 
Siemens Processes of Steel Manufacture.” This dis- 
closed that Snelus had anticipated Thomas’ discovery, 
having in 1872 sueceeded in dephosphorizing Cleveland 
pig iron in a lime crucible. It concluded with the 
words : 

**T have the pleasure to place before the meeting what 
I believe to be the first sample of Bessemer Steel made 
entirely from Cleveland Iron in one operation, in 
which the phosphorus has been reduced to a mere 
trace. ... With the samples I have placed the original 
wrapper bearing the date when the sample was made. 
and also my notebook with the original entries of the 
details of the analyses.” 

As an aside and with the hope that in a more 
enlightened age no ammunition will be provided for 
politicians, we should perhaps mention Snelus’ reply 
to the not unnatural question of why he did not at 
once follow up his discovery and put his plans into 
practice. His answer was : 

“... that I had just taken up the Management of a 

concern, the interests of which were opposed to the 

solution of this problem, and, therefore, having 
secured the ground by Patent, I was compelled to 
wait a more favourable opportunity for putting my) 
plans into practice.” 
One hardly knows whether to extend sympathy or an 
unfeeling ‘serves you right’ to the shade of Mr. 
George J. Snelus. 

It is pleasing to record that this tragi-comedy had 
a double happy ending. Thomas, with characteristic 
large-mindedness, and perhaps also with a dread of 
litigation based on his Police Court experience, came 
to an arrangement with one or two people who 
appeared to have possible rights to royalties based on 
prior patents. The whole question was submitted to 
arbitration, and an amicable and permanent settle- 
ment was reached. The Arbiter, Sir William Thomson, 
afterwards Lord Kelvin, later returned half of his 
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fee to Thomas, so dissatisfied was he with his original 
award.14 The second felicity was the presentation in 
1883 of two Bessemer Medals!*—one to Thomas and 
one to Snelus. 

There is considerable profit in a minute study, not 
only of the papers of the 1879 meeting, but in the 
letters and memoranda in which, to various correspon- 
dents, Thomas outlined the development of his ideas. 

It has already been hinted that the total period 
of time between Thomas’ initial interest in phos- 
phorus removal and the final commercial application 
of his ideas was comparatively short. His interest 
appears to have been aroused as a student at the 
Birbeck Institute about 1870, where he attended 
classes, whilst acting as a clerk at the Thames Police 
Court. He appears to have studied all the literature 
bearing on the subject, including the probable chem- 
ical reactions, with meticulous care. His conclusion 
was that the non-removal of phosphorus in the 
Bessemer process was due to the siliceous lining of 
the converter and the siliceous character of the slag. 
A period of experimental work at home, and later 
continued by his cousin, Percy Gilchrist, Chief Chemist 
at Blaenavon Works, followed, Gilchrist’s work com- 
mencing in the summer of 1877. During this time 
they elicited the interest of Mr. Edward P. Martin, 
Manager at Blaenavon, and with his assistance and 
that of Mr. Menelaus, at Dowlais, they established 
the correctness of the approach which was being 
made to the problem. 

From this point the emphasis in the experi- 
mental work appears to have been on suitable lining 
materials and the means of obtaining durable linings. 
In the circumstances, their investigation must have 
seemed to them a special case of the more general 
problem of providing a container with a lining which 
would resist the mythical universal solvent. In a 
very real sense it was a dual effort. Whilst Gilchrist 
in South Wales was pressing on with the experimental 
campaign, Thomas in London, between weekend 
excursions to South Wales, was studying the results 
with one part of his mind on their technical signifi- 
cance and another, and one would almost imagine a 
larger part, on their applicability to potential patent 
protection. 

On 20th September, 1877, from The Iron and Steel 
Institute, at which an earlier paper by Lowthian 
Bell! was discussed, he wrote!” to Gilchrist : 


“Tt seems almost useless to spend much time on 
experiments on action of oxide of iron ; there seems so 
complete and conclusive evidence already produced. 
. . . But the three experiments—those on action of Si 
on phosphate of Fe at different temperatures and the 
action of oxide of Fe on liquid blown metal, and the 
question whether P is not removed in Bessemer 
Converter when the converter has a non-siliceous 
lining, are not settled yet or even touched upon... . 
Could we not blow even such a small amount in a 
converter lined with lime or alumina or bauxite 
and then analyse slag and product ? J believe P would 
be largely removed. If it were at all removed it would 
be worth going to any trouble and expense to try 
it on a large scale.” 


On 16th January, 1878, Thomas wrote!’ to E. P. 
Martin : 
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“ Tt is all important to get now the best mixtures and 
the best proportions for durability and hardness [7.e., 
of linings] and some idea of best way of applying 
basic materials to Siemens-Martin . . .” 
And again, on 18th January, 1878, to Gilchrist,’ 
with a touch of unwonted petulance : 


**... You don’t seem to see with me that if we have 
got the only practicable durable basic lining, we have 
got four-fifths of the battle...” 


We may picture to ourselves Thomas, impatient, 
exercising the feverish questing mental activity of 
the scientist divorced from his laboratory, awaiting 
the results of experiments being carried out two 
hundred miles away. Do we not get a vicarious thrill 
from the words of his letter!® to Gilchrist on 21st 
January, 1878 : 

“* , . The last results clinch the * great fact,’ if clineh- 

ing were needed. .. .” ? ; 

—surely a milestone on the long road that led to 
ultimate triumph. 

On 20th July, 1878, he wrote?® to a non-technical 
correspondent : 

‘** Phosphorus is a subject which engrosses an incred- 

ible amount of time. My visit to South Wales showed 

that while scientifically my views are entirely con- 
firmed, there is much money (some thousands) to be 
spent in putting things on a fair technical footing, 
and much more in legal defence of my position. As 

[ do not possess these thousands, I am not going to 

bother myself about trying to force my views com- 

mercially, but let them rest with doing what I can to 

establish them, for the benefit of people at large . 


The financial defeatism of this letter, written only 
two months before the Paris Meeting, where he met 
Windsor Richards, and opened the way to com- 
mercial trials, was fortunately a passing phase. In 
March, 1879, he wrote?! to E. P. Martin, referring 
to the work then in active progress at Bolckow 
Vaughan’s : 

““. . . they don’t seem to have got quite the right 

thing yet. That a few days will now make the affair 

a commercial process seems beyond question.” 


A true prophecy, for Windsor Richards later told?? 
of the success of two commercial operations on 
Friday, 4th April, 1879. We have, therefore, the 
experimental proof of the correctness of the approach, 
the appreciation of the importance of lining materials, 
and, finally, the commercial production of steel from 
high-phosphorus pig iron, all in the short period of 
less than two years. 

We are commemorating tonight the Centenary of 
Sidney Gilchrist Thomas, but he would have been the 
first to admit that his name should not stand alone 
as the discoverer of the basic process of steelmaking. 
Essentially, the triumphant establishment of the 
process rested on almost inspired team-work. Thomas 
was no struggling inventor with limited opportunities 
for the development of his ideas, but the leader of a 
team almost miraculously suited, by training and 
position, to the project in hand : Gilchrist, on whom 
fell the burden of the earliest experiments and who, 
in Thomas’ own words,!® brought to “. . . unwearied 
exertions, conspicuous energy and ability wi 
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Martin, who took such a warm and helpful interest 
in the progress of the work at a critical time ; and 
Windsor Richards, who perhaps more than any other, 
brought the matter to commercial fruition. The 
acknowledgment of all these services could not 
perhaps be better expressed than in the addendum 
to the original Thomas-Gilchrist paper? : 

‘Tf the results now brought before you seem to possess 

any value, that value is chiefly owing to those to 

whose discernment and energy it is due that the 
opportunity has been given to develop the system 
under favourable circumstances. To Mr. Windsor 

Richards, especially, we are indebted, not only for 

constant counsel and his invaluable personal assistance 

in bringing the process into technical working, but 
for being in a position to lay before you the results 
of blowing Cleveland pig on a practical scale.” 

At this point, it is perhaps right to mention those 
minor contributions from various sources which 
brought support and encouragement, and, in some 
cases, the perfection of a practical detail which 
rounded off the major accomplishment. Thomas him- 
self expressed the encouragement he felt that Monsieur 
Griiner, Professor at Ecole de Mines in Paris in 1867, 
laid great stress on the injurious influence of the 
siliceous character of the cinder in linings in the 
converters. 

Mr. Windsor Richards’ co-operation brought the 
wise counsel of that great metallurgist, John E. Stead, 
who was at the time Consultant to Bolekow Vaughan. 
Stead, himself, in some quarters, was credited with 
the idea of the after-blow, during which, in the 
converter application of the basic process, the major 
part of the phosphorus is removed. With character- 
istic modesty, he disclaimed any credit for this. In 
his Presidential Address?* to this Institute, he tells 
how he himself had concluded that the after-blow 
was fundamentally necessary, this conclusion being 
implicit in Thomas and Gilchrist’s own results. The 
view was not accepted immediately by the inventors, 
but, when failure had followed failure in the trials 
at Middlesbrough, they, at Stead’s urgent suggestion, 
advised Mr. Windsor Richards to over-blow a charge, 
with, of course, satisfactory results. 

The binder, ultimately used for making linings from 
fully shrunk magnesian limestone, is yet another 
instance of the many useful and practical contribu- 
tions which came from otherwise obscure people. An 
official at Bolekow Vaughan’s is said to have suggested 
‘tar,’ after many other substances had been tried 
and found wanting. It was not immediately success- 
ful, but, ultimately, Thomas himself suggested boiling 
the tar, thus removing the water, and so yet another 
important step was taken. 

To return to the remarkable meeting of 7th and 
8th May, 1879, no fewer than twenty-five people took 
part in the discussion*4 of the papers. As individuals 
they ranged from great ones of the day to ‘a Member ’ 
(whose name, presumably, was suppressed by himself). 
They came from every quarter, as the interest aroused 
by the paper was, by this time, international. The 
substance of their contributions recorded in the pages 
of the Journal shows an equivalent diversity. There 
were many speakérs who, as they were bound to do 
on the facts submitted. accepted the principle of the 
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basic lining as a means of phosphorus elimination, 
but fewer were sure of the economics of the new 
process as a method of steel manufacture. Inevitably 
there were the rearguard fighting the wrought-iron 
battle and those whose interests lay in the limited 
hematite deposits to which only they themselves had 
access. No new method is without the prior patentee 
or, at least, claimant to that position, and one such 
there was, apart from those like Mr. Snelus with a 
reasonable claim to that honour. On the whole, how- 
ever, the discussion was creditable to the participants 
in that they seemed to be fully aware that “‘ great 
events were on the march.” 

The greatest speech of the two days was not perhaps, 
strictly speaking, technical, but, if any such demon- 
stration were necessary, it established the true great- 
ness of an already great man. Mr. (later Sir Henry) 
Bessemer, called upon by the Chair, said®® : 

. that he had not intended to say anything on 
this occasion . . . but he feared that his silence might 
be misinterpreted. Nobody, more than himself 
rejoiced to see the improvement which had _ been 
effected by the several gentlemen who had read papers 
on the elimination of phosphorus. That one thing 
had been his difficulty and bane, and he could not 
get rid of it. He, therefore, rejoiced that the difficulty 
had been got over, and that the commercial results 
were close at hand. ... Whether he would ever have 
arrived at the excellent results of the present inventors, 
it was not for him to say ; at any rate he hoped most 
sincerely that nothing he had done or published at 
that time might be a barrier to the entire success of 
those who were now engaged in the matter, and he 
hoped and believed that they would receive that 
recompense from it which their talent and perseverance 
deserved.” 

The commercial development of the basic Bessemet 
process was rapid in the years immediately following 
1879. Not unnaturally, the greatest progress was 
made on the Continent, where the raw materials 
were peculiarly suited to the manufacture of a suitable 
iron.2® Within three years the production of basic 
Bessemer steel had risen to almost 30,000 tons per 
month ; France, Germany, and Austria being the 
chief Continental countries to adopt the process 
Basic open-hearth developments followed, the first 
basic open-hearth steel of which there is any definite 
record having been made at Le Creusot Works in 
France. In September, 1883, the production of basic 
steel by both processes was 60,000-70,000 tons per 
month. 

The rapid development of the basic Bessemer 
process on the Continent, and, in some cases, its 
economic survival, can be directly attributed to the 
usefulness, as a fertilizer, of the phosphate slags 
arising from the process. Thomas appears to have 
been one of the first people to realize the importance 
of this matter. Indeed, the later years of his life were 
spent on an elaborate experimental programme 
designed to treat the slags to render them suitable for 
fertilizer purposes. German work, however, just before 
his death, demonstrated that it was not a chemical. 
but a mechanical, treatment that was necessary. If 
the slag were ground finely enough, direct application 
to the soil produced the desired effects. On the 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








6 SIDNEY GILCHRIST THOMAS 


Continent, particularly, the credit obtainable from 
the slag as a fertilizer was frequently great enough to 
pay for the conversion of pig iron into steel ; the cost 
of suitable pig iron was also the ingot cost. 

Before we leave this brief historical survey, we 
must note the significance of the way in which Thomas 
achieved success. His discovery was no empirical 
jeu desprit. Not for him were the flash of inspiration, 
the bright idea tossed off at an odd moment! To a 
thorough and painstaking technical training he added, 
by study, the accumulated knowledge of the relevant 
facts : his experimental researches were the logical 
sequence of what his predecessors had done. There 
is, for our encouragement, an inevitableness about the 
way he was led to his great achievement on the twin 
foundation of his own training and the work of his 
predecessors. 

What, in fact, was Thomas’ discovery, invention, 
or better, his contribution to metallurgical practice ? 
It can be summed up in the expression ‘“ the basic 
system.” This generalization indicates its applicability 
to all types of high-phosphorus material, irrespective 
of the process by which refining may be effected. It 
was perhaps fortuitous that the Bessemer process was 
the sphere of his earliest efforts, and this is the method 
most commonly associated with his name. ‘Thomas 
Steel ’ and ‘ Thomas Slag’ are, of course, recognized 
terms in Continental nomenclature, and it is perhaps 
desirable that we should review now the present 
position of the Thomas or basic Bessemer process. 
This process, more perhaps than any other, has 
suffered considerable vicissitudes, especially in this 
country, not only in the extent to which it is practised, 
but also in the acceptance of its product. It is a 
commonplace, of course, that most of the important 
metallurgical processes of today, at least in the iron 
and steel industry, are but mechanically improved 
variants of the inventor’s original operation. The 
size of the unit has increased, the mechanics of the 
operation in handling of larger tonnages in the same 
or less time and with less arduous human effort, have 
been developed, but, in essentials, the processes stand 
today where their inventors left them. This is true 
of the basic Bessemer process. 

Considering some technical items of detail, we may 
look first at the question of linings. From the stand- 
point of economics, the importance of the durability 
of the bottoms and linings was recognized in the 
earliest discussions on the process. 

In the discussion of Thomas’ first paper, Stead 
reported?’ that at Middlesbrough they had already 
achieved 9 blows per bottom and that it was probable, 
with a little practice, “... they might get up to 19 
or more blows.” The average bottom life in good 
practice today is somewhat over 50 blows per bottom. 
Similarly, with linings, well over 200 blows per lining 
are now achieved as standard practice. The greatest 
improvement in this connection, however, is perhaps 
in a greater understanding of the essential conditions 
for the satisfactory burning of dolomite and the 
grading of that material in the correct size propor- 
tions.**, 2° These considerations apply whether brick 
or rammed lining is used. Converter size and 
design have also undergone considerable changes. 
From the 8-ton vessels of seventy years ago, capacities 
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up to 60 tons have been employed, although possibly 
the average size is within the range 25-35 tons. 
Converter design has also achieved increasing impor- 
tance and has had its effect not only on the yield 
of material but on the quality of the product. 
In general, the tendency is towards an internal form 
which will give comparatively shallow bath depths 
for any given nominal capacity. 

It is, however, within recent years in the metal- 
lurgical control of the operation that the greatest 
advances have been made. A recent exhaustive 
study* of the Bessemer process by technicians, some 
of whom commenced the investigation with by no 
means favourable views of the process, led to the 
conclusion that 

‘In view of the improved control of the modern 

Basic Bessemer Process as practised in Britain, many 

of the old prejudices are now without any foundation 

in fact, and that the metallurgist has now to use an 
open mind when choosing between Basic Bessemer 
and Open Hearth Steels.” 

The reasons for this advance are worth considering 
in some detail: it is indeed the classic justification 
of the integration of modern metallurgical processes. 
The foundation of satisfactory basic Bessemer opera- 
tion lies in blast-furnace practice. The production 
of a consistent quality of pig iron inside the closely 
defined ranges of chemical composition, the use of 
sufficiently large mixers, and the control of tempera- 
ture—both of the mixer iron and of the converter 
operation itself—are now standard works practice. 
Having once, therefore, decided on the chemical and 
physical conditions necessary to produce steel of any 
given quality, it is possible to repeat these operations 
continuously with consistently satisfactory results. 
If one adopts the degree of chemical and metallurgical 
control which is taken as accepted practice in anv 
good open-hearth shop and applies it to Bessemer 
operation, then an equivalent quality of steel can be 
made. 

It would be idle to ignore the prejudice which has 
grown up regarding the basic Bessemer process in the 
past, and still more futile to suggest that it was 
unfounded. The improvements of recent years arise 
as much from the regularity of the raw materials now 
available, based on improvements in blast-furnace 
practice, and from much better analyses and pvyro- 
metric techniques, as from changes in the process 
itself. 

Aside from the irregularity of the product, two main 
charges are generally brought against basic Bessemer 
steel: (i) that it is over-oxidized, and (ii) that it 
inevitably suffers from nitrogen embrittlement. The 
first of these is as old as the process itself. The second 
is the result of the widening knowledge of the effects 
of various elements on steel which has come with the 
years. 

The earliest discussions on the process inherited, 
from those on the acid converter process, the charge 
of ‘ over-oxidation.’ Indeed, the reluctance of Thomas 
and Gilchrist themselves to recognize the necessity 
for the after-blow was obviously inspired by this 
consideration. On the other hand, many studies of 
well-made basic Bessemer steel in comparison with 
open-hearth of similar composition fail to reveal 
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substantial differences, either in the composition of 
the finishing slag or the total oxygen content of the 
metal itself. It is, of course, possible by excessive 
over-blowing to produce over-oxidized metal, but this 
condition can also be achieved by excessive additions 
of oxides to the open-hearth furnace. Indeed, it 
could be argued that, particularly with cold melting 
and high aqueous vapour content of the gases in open- 
hearth furnaces, the danger of over-oxidation is 
ereater than it is in the Bessemer process. In this 
connection, it is worth noting that the presence of 
phosphorus in the metal is of itself a safeguard against 
over-oxidation. It is only at the very end of the 
operation, if control is relaxed, that doubtful results 
may arise. 

It is common knowledge that Bessemer steel usually 
contains about twice the quantity of nitrogen present 
in similar open-hearth qualities, unless steps are taken 
to prevent this. This matter was recently discussed 
in a paper before this Institute.*! It is not necessary 
here to go into the detail of the technique by which 
low-nitrogen steel can be obtained at will, using the 
Bessemer process. It will be sufficient to note that 
low-nitrogen steels can be produced, as and when 
required, in material made by the process. 

In considering, therefore, the application of the 
hasie system of steelmaking from various types of 
iron, especially for new projects involving the erection 
of new plant, it can be assumed that, where economic 
and other conditions permit, the basic Bessemer is an 
alternative to the open-hearth or any other method. 

It has already been indicated that Thomas rightly 
regarded the use of basic linings as of general applica- 
tion. Perhaps the most rewarding way of com- 
memorating his work, having looked at its historical 
and current aspects, would be to consider the contri- 
bution which that work will almost certainly make, 
in the future, to the development of the steel industry. 
There can, of course, be no such thing as finality in 
technical operation, and there are good grounds for 
believing that the standard practices of today will 
not be adequate on technical or economic grounds in 
the not-very-distant future. 

The factor which, more than any other, determines 
ultimate practice is, of course, economics. The 
numerous variations and combinations of plant and 
practice which are possible and practicable under 
today’s conditions offer ample scope for the attainment 
of the best economics in any particular case. A 
process which is well suited to certain conditions may 
be quite wrong for others. There are many parts of the 
world today where the existing practice is a survival 
from some since altered set of circumstances—not 
always right even for them—and it is the practice 
in these particularly which requires re-examination 
in the light of the latest conditions and knowledge. 

The chief interest of these considerations for us 
here is in the sphere of phosphorus content and of 
phosphorus removal from what is today termed the 
metallurgical load. The amount of this element present 
in the metallic charge which is to be turned into steel 
may vary from 0-1 to 2-0% in different cases and 
under different conditions. Only at the extreme 
limits of this range would it be correct to assert that 
the proper practice is beyond question. 
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It will be agreed that, when the phosphorus does 
not exceed 0-3%, there is little doubt that the steel- 
making process which will give the best results, both 
from the point of view of resulting quality and 
economics, would be the normal open-hearth fixed- 
furnace practice of today, best exemplified perhaps 
in the great open-hearth shops of the American steel 
industry. 

At the other end of the possible phosphorus range, 
say, 1-5-2-0%, the basic Bessemer process is the 
obvious choice, although current metallurgical opinion 
might accept this with some reservations. Possibly, 
it would only be where there are other uses for mill 
and uprising finishing process scrap, that the con- 
verter process would be accepted without dispute. 

It is the large number of cases falling between these 
extremes, however, which call for re-examination. 
There is an increasingly large tonnage of ore today 
giving pig iron with a phosphorus content which 
brings the furnace charge within the limits which give 
a metallurgical load too heavy for ordinary open- 
hearth practice. The same result may arise from 
changes in the pig/scrap ratio necessitated by supply 
or other conditions. The basic system in these cases 
has not yet been developed to cope with this difficulty. 
at least when full regard is given to economics. What 
then is the next step ? 

It is always profitable to re-examine old ideas in 
the light of modern knowledge, and this, in effect. is 
the reason for the renewed interest in what may 
conveniently be called washing and duplexing pro- 
cesses. We have already seen that, about the time 
of the origin of the basic Bessemer process, washing 
with suitable slags was being attempted as a means 
of phosphorus removal, whilst, in recent years, the 
group of processes associated with the name of 
M. Perrin have been applied for a wider range of 
purposes, including dephosphorizing, deoxidation, and 
the incorporation of various alloying elements for 
special-purpose steels. 

The term duplexing, whilst ordinarily used to 
indicate combinations of converter/open-hearth or 
converter/electric-furnace processes, can be stretched 
to cover such historical manceuvres as the Bertrand- 
Thiel and Hoesch processes. It could also embrace 
such variations as preliminary mixer refining and the 
large tilting-furnace operations, in which one or more 
slags are made and removed with a specific object 
in view. 

Whilst these variations are practicable and, indeed, 
in some cases, in commercial operation, no one of them 
‘an be regarded as so promising that it provides a 
general answer to the problem. Are we not perhaps 
at the point where combinations of known practices 
and current ideas may not indeed be the next stage 
in the evolution of the industry? After almost one 
hundred years of work on the present lines, may not 
a revolution in our methods be about due ? What is 
needed today is another Thomas with his clear-sighted 
vision and singleness of purpose, together with that 
intense concentration of effort which, when they are 
found in happy combination in a single man, can make 
such changes possible. 

In the research laboratories of the world today, the 
effect of individual elements on pure iron is the aim 
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of assiduous study : to make pure iron first and add 

the essential elements in the necessary proportions, 

rather than to accept their presence in quantities 

which we cannot, in fact, by present methods, remove. 

May this not be the direction of such a revolution ? 
Consider the aim set out in these words : 


“It is daily becoming better understood that the 
qualities of steel are influenced, in a degree that seems 
hardly credible, by the presence of other substances, 
in addition to iron and carbon, in quantities which, 
in any eyes but those of chemists, seem utterly 
insignificant, but which nevertheless determine the 
tensile strength, the ductility, and other of the most 
important properties of the alloy ; and it is probable 
that a time will come when the properties of steel will 
be determined by careful analysis with as much ease 
and certainty as they can now be ascertained by the 
ordinary tests of the workshop. The outcome of such 
knowledge would be, of course, an endeavour to free 
iron from all adventitious substances in the converter, 
to reduce it to a state of chemical purity, and then 
to confer upon it, by the careful addition of the neces- 
sary ingredients, whatever qualities might be desired.” 
Apart from the use of the somewhat unusual word 
‘ingredients,’ unusual at least in this connection, 
there is little to suggest that the paragraph was taken 
from The Times of 20th May, 1879. It was part of 
a comment on the Thomas and Gilchrist process, and 
therefore provides a link with the time when that 


particular world was young. May we suggest that 
it falls to us, as the heirs of their great contribution, 


to re-examine this approach as a possible line of 


advance for the future ? 

It is perhaps a little humiliating that, except in 
the mechanical tricks of the trade, we have not pro- 
gressed very far along the road towards these ideals 
set out 71 years ago. 

It is at this point, too, that we must free our minds 
from the idea that only the immediate enemy is 
worthy of our attention. Thomas slew the Giant, 
* Phosphorus ’—almost—and, in doing so, wounded, 
but not mortally, his henchman, ‘Sulphur.’ To 
change the metaphor, was it not Campbell, the 
American metallurgist, who once said that what the 
Devil was to Religion, Phosphorus and Sulphur were 
to the Metallurgy of Iron and Steel ? 

Manufacturers of the many modern steel products, 
destined to stand up to the increasingly violent 
outrages of the operations of modern mechanized 
industry, still feel that salvation is not yet ; and what 
of the host of minor devils who, arising from the 
increasing atavistic use of oft-remelted scrap, are 
becoming more and more the concern of the evangelists 
of the gospel of pure steel. Is it too much to hope 
that, in the future, there will arise a great man in the 
succession of Bessemer, Siemens, and Thomas who 
will show us how this ideal may be achieved ? 
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ANDREW CARNEGIE RESEARCH REPORT 


Optical Studies of the Oxidation of Iron al 
Temperatures in the Range 20-265 C. 


By A. B. Winterbottom 


SYNOPSIS 


Optical investigations into the surface oxidation of iron and some ferrous alloys at temperatures in the 


range 20-265° C. were carried out, using an improved experimental technique. 


Methods have been evolved 


for applying the strict classical theory of film optics to the evaluation of the results. The apparatus is briefly 


described. 


Results show that films up to 100-250 A. in thickness consist mainly of magnetite, or possibly y ferric oxide, 
while on films of greater thickness an outer layer of « ferric oxide is formed. 

The law of growth of films is probably parabolic after the initial transient phenomena, and the rate appears 
to depend on crystal orientation, atmospheric moisture, and polish and cold work. The last retards film growth, 
possibly as a resuit of preferred orientation. The constitution of the film appears to be independent of atmo- 


spheric moisture. 


The growth process seems to be of the same character from room temperature up to 400-500° C., and does 
not appear to depend upon whether the film is formed on iron, or on ferrous alloys of the stainless type, con- 


taining nickel or chromium. 


Introduction 

HIS paper is a report of optical investigations into 

the oxidation of iron and some ferrous alloys, 

carried out between 1938 and 1940 in the labora- 
tory of the late Professor Tronstad at Norges Tekniske 
Hoégskole (The Technical University of Norway), 
Trondheim. Although notes and specimens were 
preserved during the occupation of Norway and 
recovered in 1945 it has not until now been possible 
to complete the analysis and evaluation of the 
observations. 

The polarized light technique was used by the late 
Professor Freundlich! to demonstrate qualitatively 
that passivity of iron was due to an oxide film. The 
late Professor Tronstad?* then applied the same 
technique to quantitative studies of electrodes while 
exposed to electrolytic polarization. In his work 
Drude’s approximations were used, and estimates of 
film thickness and optical constants were made. In 
the present work the experimental technique has been 
further refined, and methods evolved for applying 
the strict classical theory of film optics to the compu- 
tations necessary in the evaluation of polarimetric 
observations. > 

At the time of the studies that are the subject of 
this paper, interest centred round the nature and 
amount of oxide formation on iron at moderate 
temperatures, in view of the contemporary work of 
Vernon,® Nelson,’ and Mehl and McCandless.’ Vernon 
had reported the absence of interference colours on 
abraded specimens oxidized below 200° C., even in 
cases where the weight increment would have corre- 
sponded to a coloured film at higher temperatures. 
Nelson had observed electron diffraction patterns 
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corresponding to an oxide of cubic structure on 
abraded iron oxidized below 120° C., which, it was 
suggested, was probably yFe,0,, in contrast to 
%Fe,0, (rhombohedral) formed at higher tempera- 
tures. Mehl and McCandless reported interference 
colours on bright-annealed single crystals at tempera- 
tures down to 140° C., and while observing variations 
in oxidation with orientation were unable to find any 
systematic relationship. 

The main objective of the investigations thus 
became the study of the optical nature of the oxide 
film formed on iron, both above and below 140° C., 
in both dry and moist atmospheres, and the deter- 
mination of the amount and rate of surface oxidation 
in this temperature range. The present report there- 
fore embraces a brief reference to the basic optical 
theory and experimental technique, the optical repro- 
ducibility of polished surfaces, the oxidation of bright- 
annealed iron surfaces at various temperatures and in 
various atmospheres, and the oxidation of polished 
iron and stainless iron alloys in ordinary atmospheres 
at room temperature. 


THE INVESTIGATION OF FILMS ON 


REFLECTING SURFACES 
FILM OPTICS 


The theory of film optics and the experimental 
technique have been recently reviewed by the 
author,*: > so that a very brief résumé will suffice 
here. rom the classical theory of film optics it can 
be shown that the relative changes in amplitude and 
phase of the perpendicular and parallel components 
of a reflected polarized wave vary in a periodic manner 
with the film thickness. This is most conveniently 
brought out by plotting points characterizing the 
reflection in the complex plane on a polar diagram. 
with the radial co-ordinate representing the relative 
amplitude reduction, tan), and the angular co- 
ordinate the relative phase retardation, A, Fig. 1. 
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In the case of a growing optically absorbing film, the 
path of the point characterizing the reflection is a 
spiral curve, starting from the point representing 
reflection at film-free base, and ending at the point 
representing reflection at massive film substance. 
For the polarimetric study of film formation in a 
specific case it is first necessary to determine the 
optical constants of the film-free base. Then observa- 
tions on surfaces with films developed to varying 
extents may be plotted in the complex plane, and 
trials made with theoretical curves computed from 
the determined optical constants of the base and 
various assumed optical constants for growing films. 
When a satisfactory fit has been obtained, the optical 
constants of the film substance are those of the fitted 
curve, while the film thickness scale of this curve 
enables the film thicknesses* corresponding to 
individual observations to be interpolated. 


POLARIMETRIC TECHNIQUE 


Determinations of the relative amplitude reduction 
and relative phase retardation at a given surface for 
a given wavelength and angle of incidencet are 
conveniently made by using a }-wave compensator 
fixed in 7/4 azimuth in the incident beam, and 
varying the polarizer azimuth until the reflected 
polarization is linear, as shown by ellipticity half- 
shades, and then determining the azimuth of this 
linear polarization by means of the analyser with a 
suitable half-shade. With a little practice, readings 
can be taken in a few seconds. When changes in 
surfaces are not too rapid it is advantageous to take 
sets of readings with the }-wave plate in + 7/4 and 
— 7/4 azimuths with the various associated polarizer 
and analyser settings, in order to eliminate systematic 
errors of half-shades and circle zeros.{ From the 
reading of polarizer and analyser the relative ampli- 
tude reductions and relative phase retardations are 
calculated by means of the spherical trigonometric 
formule derived from consideration of the Poincaré 
spherical representation of the compensation process. 
In practice it is advantageous to set up interpolation 














iO0O 2000 
FILM THICKNESS, &. 
Fig. 1—Reflection computed for base of moderate 
reflectivity (iron) with film of moderate absorption 
(Fe,O,). Figures on spiral curve are film thick- 


nesses in Angstrom units and wavelengths (in film) 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


IRON IN THE RANGE 20-265° c. 


tables for rapid computation of the magnitudes 
sought from the instrument readings. All angles in 
the present work are expressed in centesimal measure, 
t.€., 7 = 200°. 

APPARATUS FOR POLARIMETRIC STUDIES 

UNDER CONTROLLED CONDITIONS 
General Equipment 

In order to set up the various pieces of apparatus 
expeditiously it has been found advantageous to 
make use of an auxiliary centring and levelling table. 
This is provided with a circular Vee groove in which 
two of the levelling screws of the various inter- 
changeable pieces of apparatus engage, whilst the 
third screw rests on a plane. In this way all the 
pieces of apparatus are automatically centred. The 
centring and height of the table are checked, when 
necessary, by means of a gauge. This gauge has 
clamped levelling screws with ball ends engaging in 
the groove, a stainless-steel mirror permitting checking 
of levelling by means of the Gauss eyepiece and a 
clamped point, adjusted to turn on itself when the 
gauge is rotated in the groove, so that it lies on the 
axis of rotation of the groove. When the mirror is 
levelled, and the clamped point touches a point set 
in the instrument axis and pulled out to the inter- 
section of the collimator and telescope axes, the table 
is levelled, centred, and in the standard height relation 
to the polarization spectrometer. 

The height and centring adjustments of the various 
pieces of apparatus on the table are made with 
dummy stainless-steel mirrors provided with cross 
marks painted on the reflecting surface. 

Apparatus for Studies in Air at Room Temperature 

On account of the long duration of many investiga- 
tions at room temperature, arrangements were made 
for the precise repetition of specimen orientations 
after removal to and from storage without exposure 
to the laboratory atmosphere. In this way it was 
possible to conduct a number of investigations con- 


currently. The experimental mirrors, usually of 


standard circular form, 30 mm. dia. and 5 mm. thick, 
are provided with two blind holes asymmetrically 
placed on the under surface, and drilled in a jig. 
These holes engage on small pins in a prism-chamber 
base, which is itself carried on an intermediate stand 
on the centring table. The top of the stand also 
carries levelling screws with ball points which carry 
the prism-chamber base, two points engaging in a 
centring groove and the third on a face in the usual 





* These thicknesses will be average thicknesses normal 
to the surface, over areas corresponding to the resolving 
power of the optical system used, which is normally a 
low-power telescope with x 6 eyepiece focused on the 
half-shades. A uniform extinction therefore implies that 
the average thickness of the film is uniform microscopi- 
cally over an area corresponding to the field of view. 
which is about 8 mm. dia. and, at an angle of incidence 
of 7/3, corresponds to an elliptical area of specimen 
surface with major and minor axes of 16 mm. and 8 mm. 

+ Green mercury radiation, A = 5461 A., and an angle 
of incidence of 7/3. were used throughout the present 
work. 

¢{ Random errors are estimated to be equivalent to 
between + 0-1 and + 0-5 A. for thin oxide films on iron 
when full sets of readings are taken, increasing to about 
five times these values for isolated readings. 
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Fig. 2—Section of experimental furnace for studies at 
elevated temperatures and in controlled atmo- 
spheres: S, specimen 30-mm. dia.; H, heater ; QQ, 
fused quartz windows waxed to furnace head; NN, 
nickel radiation shields ; G, gas inlet; WW, WW, 
water cooling ; and V, vacuum connections 


0. Il 
manner. It is then a simple matter to orientate the 
prism chamber using a dummy specimen with a cross 
mark, and then to change to the required specimen 
in a changing cupboard. 

Prism chambers for three alternative angles of 
incidence are normally used. They are provided 
with stoppers for closing the observation holes, except 
during the actual polarimetric determinations, when 
a current of purified air prevents contamination of 
the specimen. 

Apparatus for Studies in Air and Other Gases at 
Elevated Temperatures 

For studies of films formed on surfaces in controlled 
atmospheres it is necessary to use a closed chamber 
provided with stress-free vacuum-tight windows, and 
facilities for evacuation, introduction of gases, and 
for heating. The section of an experimental furnace- 
chamber used in the present work is shown in Fig. 2. 
The specimen mirror is carried in a depression in the 
end of an austenitic stainless-steel holder provided 
with an internal heater and a standard cone fitting 
the body of the apparatus. A rotatable head, also 
of stainless steel, permits a choice of three alternative 
angles of incidence. Gas is admitted through a 
connection made to the upper central cone and passes 
out by the cone at the front of the fixed body. The 
heating element is of 0-5-mm. platinum wire with 
l-mm. dia. cold connections, cemented into a remov- 
able element which is held in place by a kieselguhr 
brick cylinder and a spring. A nickel foil radiation 
shield helps to reduce the power consumption, raise 
the maximum temperature, and improve uniformity 
of temperature. 

After calibration for heating at various loads, and 
cooling from various temperatures in hydrogen, air, 
andJin vacuo, it was found possible to dispense with 
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Table I 
COMPOSITION OF MATERIALS 
Hardness 
Material Cc, % si,% Ma,% S,% P, % Ni,% Cr,% W,% Ti,% Brinell Finish 


VSJ* 0-008 0-005 trace 0-001 0-003 


69-71 Vacuum cast, cold rolled and 
bright-annealed 


NPL 0-012 0-11 52-60 Ingot 
FI 0-09 0-16 0-15 0-24 13-27 nil nil Hot rolled 
FST 0-13 90-70 0-28 7-86 18-13 0-65 Hot rolled and softened 


NK 0-11 0-26 


0.69 0-025 11-1 15-9 


Hot rolled and fully softened 


* Typical analysis claimed by makers. 


thermocouples and to rely on the voltage applied to 
the heating element as a measure of the temperature 
of the specimen, using the appropriate calibration 
curves. 

The quartz-glass windows were waxed to the 
rotatable head, and Apiezon Grease WZ was used on 
the cone and flange joints. Purified air, hydrogen, 
or nitrogen were supplied from purifying trains 
coupled to flexible cone connections suspended above 
the apparatus. Atmospheric air was sucked in by 
a water pump and delivered to a train consisting of 
cotton wool, KMnO, solution, 2V H,SO,, 2NV KOH, 
CaCl, (two towers), conc. H,SO,, solid KOH (two 
towers), and P,O, (three tubes) (see Fig. 3). 

Hydrogen and nitrogen were taken from cylinders, 
and after passing over heated copper and intensive 
drying, passed through sodium traps at about 500° C., 
and then dust filters. The latter were graded filters 
made up of glass beads, glass wool, and cotton wool, 
dried at 100°C. in vacuum for several hours before 
use, 


PREPARATION OF SURFACES 
COMPOSITION OF MATERIALS 

Analyses of the materials used are given in Table I. 
Materials VSJ and NPL are carbonyl iron, the former 
supplied by Heraeus Vakuum Schmelze G.m.b.H.., 
and the latter, part of a cooling-curve ingot, supplied 
by Dr. C. H. Desch, from the National Physical Labora- 
tory. The material FI is a stainless iron, which was 
supplied by the late Dr. Hatfield, as also was the 
‘ Staybrite ’ steel, FST. The material ‘ Anka’ NK steel 
was supplied by Brown, Bayley’s Steel Works Ltd. 

GRINDING AND POLISHING 

Grinding 

The method of dry grinding with lead laps, develop- 
ed by Benedicks,® has been found well suited to the 
production of the plane surfaces necessary in this 
work. The principle of this method is the use of 
classified cutting grains embedded in plane lead laps, 
and the avoidance of all loose abrasive. Large lead 
laps were used, some made by casting lead on to 
cast-iron face-plates provided with dovetail grooves, 
and others made more simply by soldering discs of 


Table II 
EMERY GRADES 


Average Particle Size, 


Wellworth’s Benedicks, Microscopic* 

Emery Grade by Settling Range Bulk 
302 30 12-50 25 
303 ae 7-30 12 
3033 12 5-20 10 
305 special 4 2-5-12-5 5 


* Measurements kindly made by A. Iversen of Geologisk Institutt, 
Norges Tekniske Hégskole. 
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chemical lead 8 mm. thick on to cast brass face-plates. 
These laps, which were about 35 em. dia., were 
provided with spiral grooves 1-0 mm. x 0:5 mm. 
with 15 mm. pitch, and fine-turned with a sharp too! 
taking a light finishing cut with a feed of 0-25 mm. 
or less. 

Before use, the appropriate grade of emery powder 
was worked into the lap surface with a stiff brush 
and the flat head of a glass stopper. Afterwards all 
loose grains were removed with a soft brush. Wel- 
worth’s emery grades, as listed in Table II, supplied 
by the American Optical Company, were used. For 
ferrous materials in the soft condition, grinding was 
rapid, using a lap speed of 100 r.p.m. and emery 
grade 302. This was then followed by grade 3033, 
using the same speed, to give a satin-like surface 
covered with parallel fine uniform scratches suitable 
for the polishing operation. 


Polishing 

The fine-ground mirrors were finally polished with 
Alundum suspended in water on felt or velvet-like 
cloths. Dujardin’s Alumina [ on felt was found 
suitable for hard steels and the harder metals, while 
for softer steels, copper, etc., Alumina IT on eskimo 
cloth has been found suitable. 


UNIFORMITY AND REPRODUCIBILITY OF 
SURFACES 

Some preliminary studies were devoted to an 
investigation of the microscopic uniformity and 
reproducibility of optical properties, and hence of 
physico-chemical states, of both ground and polished 
surfaces. For this work a microscope stand with a 
mechanical stage was adapted to enable the position 
and orientation of specimen surfaces in relation 
to the polarization spectrometer to be defined and 
reproduced at will. 


Ground Surfaces 

Surfaces ground with grade 303} emery on a lead 
lap were measured in various angular orientations, 
within half-an-hour of the conclusion of grinding. 
Typical results of such measurements are given in 
Fig. 4, which reveals that both the relative amplitude 
reduction, tan ), and the relative phase retardation, 
A, attain maximum values when the grinding scratches 
are parallel to the plane of incidence, and minimum 
values when they lie at right-angles. This is in agree- 
ment with the observations of Fizeau,!® Drude," and 
Tronstad.? The slightly asymmetrical character of 
the curves is probably due to the fact that the scratches 
are not straight, but are curved, corresponding to the 
radius of rotation of the portion of the grinding lap 
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ORIENTATION OF SCRATCH DIRECTION 
Fig. 4—-Effect on the measured optical magnitudes, A 
and tan ¥, of orientation, relative to the plane of 
incidence, of scratches on a ground surface. The 
specimen was carbonyl iron, ground with Wel- 
worth's emery grade 302. The scratches are paral- 
lel to the plane of incidence when the orientation 

is 0 ora 


used. The extreme values of tan ) and A for speci- 
mens VSJ 6 and 7 are given in Table ITT. 
Polished Surfaces 

Similar studies of the variations of the optical 
magnitudes with position and orientation were also 
earried out with polished surfaces. Specimens were 
prepared as in Exp. 26, and the results showed that 
these surfaces were uniform and isotropic. Typical 
results are shown in Fig. 5 (Exp. 20), and the variations 
of tan ) and A with orientation of a polished surface 
(VSJ 6) from Exp. 23 are as follows : 


Relative Orientation 


centesimal tan ¥ A 
45 0 -6847 165-17 
95 0 -6867 165-27 
345 0 -6865 165-17 


Determinations made on a number of specimens 
within about 20 min. of polishing, which are tabulated 
in Table IV together with previous results obtained 
by Tronstad and Hoéverstad,!* show that, although 
there are variations, the reproducibility is, on the 
whole, satisfactory, taking into account the difficulty 
of rigidly standardizing the polishing treatment. The 
smaller variations in tan J and the consistently higher 
values of A obtained in these investigations indicate 
an appreciable improvement in material and/or 
technique, compared with the earlier work of Tronstad 
and Héverstad. 


Table III 
VSJ 6 VSJ 7 
tan ¥ A tan y a 
Maximum 0-624 147-0 0-656 150-0 
Minimum 0-566 145-0 0-590 145-5 
Difference 0-058 2-0 0-066 4-5 
Mean 0-595 146-0 0-623 147-7 
Table IV 
REPRODUCIBILITY OF POLISHED SURFACES 
Material Exp. tan A 
VSJ 6 23 0-6847 165-17 
VSJ7 24 0-6822 164-77 
VSJ 1 25 0-6837 163-99 
VSJ 2 26 0-6835 165-34 
VSJ5 27 0 -6826 165-44 
Tronstad and 0-6346 162 
H6verstad?* 0-6796 165 
0.6457 161 
0-6796 166 
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OXIDATION OF IRON AT TEMPERATURES 
UP TO 265°C. 
METHOD OF EXPERIMENT 

The procedure described below was normally 
employed. A prepared specimen was inserted in the 
apparatus, Fig. 2, the head carrying the windows care- 
fully lowered on to the greased flange of the lower 
section of the apparatus, the whole apparatus placed 
on the levelling table, and the gas and vacuum con- 
nections made to the flexible lines. The angular 
orientation of the head about a vertical axis was then 
adjusted with the aid of the Gauss eyepiece until the 
windows in use were normal to light beams. After 
twice evacuating and filling with hydrogen, a steady 
stream of hydrogen was passed, and heating of the 
specimen commenced. Regular polarimetric readings 
were taken to observe the reduction of the film, and 
this was usually followed by a change to a nitrogen 
atmosphere and annealing at the highest temperature 
safely attainable in the apparatus, viz., 500-600° C. 
It was intended to use an argon atmosphere for the 
annealing, but the experiments were interrupted 
before this had been done. Any contamination of 
the apparatus or gas with oxygen or moisture naturally 
gave rise to rapid oxidation, particularly in the tem- 
perature range 100-200° C., as was revealed by large 
changes in polarizer settings in the sense of decreasing 
relative phase retardation. 

In order to conduct an oxidation truly isothermally, 
it was necessary to have the reduced film-free specimen 
at the required temperature in an oxygen-free 
atmosphere, and then to change this atmosphere as 
rapidly as possible to the desired one of air or oxygen, 
at the same time keeping the temperature constant. 
By first bringing the apparatus to thermal equilibrium 
with a nitrogen atmosphere and suitably reducing the 
heating current during evacuation, followed by a 
return to the original value of heating current on 
admission of air, it was found that the initial tempera - 
ture variation could be kept very small. 

Yarlier work with copper had revealed the necessity 
for using a sodium trap, in order to obtain hydrogen 
with the necessary freedom from oxygen to enable 
reduction of the oxide film to be carried out at the 
lowest temperatures, eg., c. 140°C. The lowest 
temperature at which reduction of iron oxide occurred 

0-6778 


® 
161-6] 


0-6746 0-6755 0-6764 


® @ & 
161 -23 161-24 161-59 


0-6650 
@ 
161-39 


Fig. 5—Variations of tan ¢ and A over a polished surface 
(VSJ 8) taken from Exp. 20. The upper figure is 
tan y and the lower figure is A for each position. 
The outer positions were 5 mm. from the central one 
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in the present work was c. 180° C., a little lower than 
the temperature reported by Wright and Luff!* for 
massive ferric oxide, using gravimetric methods. 


RESULTS OF EXPERIMENTS 
Table V is a typical record of a complete experiment, 
and Fig. 6 is a graphical representation of the essential 
features, which are: AB, growth of oxide film after 
polishing ; BC, heating in hydrogen with reduction of 


Table V 


EXPERIMENT 27. HYDRQGEN REDUCTION OF 
OXIDE ON CARBONYL IRON SPECIMEN VSJ 5, 


FOLLOWED BY REOXIDATION AT 20°C. 
Date Time °C. tan y A Remarks 
22/3 21.58 20 0-6826 165.44 
26/3 0.12 20 0-6824 164-57 
27/3 12.30 20 0-6824 164-20 Hydrogen admitted, 
5.05. Sodium trap 
cold 
15.10 0-6837 164-20 Heating started at 
; 15.17 
15.50 140 0-6840 163.54 
20.10 140 0-6795 163-29 Sodium trap heated 
20.35 
21.40 140 0-6789 161-87 
23.30 140 0-6812 162-02 
28/3 - 1.30 140 0-6824 162-36 
2.35 180 0-6837 162-80 
10.45 180 0-6911 166-22 
12.30 220 0-6928 167-17 
15.25 220 0-6923 167-47 
19.40 330 0-6939 168-46 
20.20 330 0-6956 168.34 
22.10 350 0-6942 168-14 Evacuated at 22.24 
24.00 360 0-6916 167-19 Nitrogen admitted, 
23.45. Evacuated 
again, 23.55 
29/3 0.20 0-6918 166-99 Nitrogen - hydrogen 
mixture (approx. 
40% H,) admitted, 
0.47 
1.25 500 0-6970 167-76 
2.40 500 0-7019 167-79 
12.20 500 0-7044 167-81 
13.43 168-18 Heating stopped, 
13.37 
13.45 168-48 
13.50 168 -64 
13.55 168 -96 
14.00 168-84 
14.05 168 -96 
14.15 168-58 
14.30 168 -36 
15.40 20 0-6895 168-37 
15.50 20 0-6895 168-37 Evacuation § started, 
16.02 
16.06 20 164-52 Relief gap sparked, 
dry purified air ad- 
mitted, 16.05 
16.08} 20 163-92 
16.10 163-78 Atmospheric pres- 
sure attained in ap- 
paratus, 16.13 
16.15 20 164-22 
16.25 20 163-49 
16.25 
16.25 20 0.6800 163-73 
16.373 20 163-81 
16.46 20 163-56 
18.20 20 163-41 
18.31 163.52 
30/3 11.45 20 0-6748 162-32 
23.00 20 0-6743 162-00 
31/3 21.20 20 0-6742 161-70 
3/4 12.00 20 0-6736 169.49 
11/4 19.30 20 0-6711 160-93 
8/5 10.00 20 0-6732 160.26 
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Fig. 6—Reduction, heat-treatment, and oxidation of a 
carbonyl iron surface : (a) Changes in A following 
heating and cooling in hydrogen BCDE, and ad- 
mission of air at E; (6) plot of A and tan 4, showing 
oxidation after polishing AB, reduction of film BC, 
changes during heat-treatment CD, changes during 
cooling DE, and reoxidation EF 


oxide film ; CD, annealing at c. 400° C. ; DE, cooling 
from 400° C. to 20° C.; and HF, formation of oxide 
film. It will be noted that the changes in tan ) and 
A for both initial and final stages are of similar 
character and sense, while the reduction stage is in 
the reverse sense. Changes of a different character, 
mainly in tan Y, that occurred during the subsequent 
heating and cooling of the reduced specimen prior to 
reoxidation seem in part to be reversible temperature 
effects and partly the result of irreversible sintering 
changes. The record of an experiment in which a ground 
surface was reduced and then reoxidized at room temp- 
erature, Table VI, shows similar features. 

The essential data for the various experiments 
are collected in Table VII, from which it will be seen 
that in some cases reduced specimens were used, whilst 
in others polished specimens were heated to the 
reaction temperature in nitrogen. Most specimens 
were freshly polished prior to reduction, but in a 
few cases older preparations from other experiments 
were used. Unless otherwise stated, the preparation 
of specimen surfaces was as noted previously, and the 


Table VI 
EXPERIMENT 42. CARBONYL IRON SPECIMEN, 
VSJ 13, GROUND BY HAND ON A STATIONARY 
LEAD LAP WITH GRADE 303} EMERY. INCI- 
DENCE PARALLEL TO SCRATCH DIRECTION 


Date Time °C. tan vy A Remarks 
20/11 19.00 20 Grinding finished 
19.56 20 00-6221 152-78 
21/11 20.17 20 0-6247 152.94 
23.54 (400) Reduced with mix- 
ture of nitrogen 
and hydrogen 
1.06... 
2.32 (500 ) Nitrogen only 
Heating stopped 
4.06 20 0-6872 167-59 
4.29 20 0-6865 166-74 
4.48 20 ne nas Air admitted 
4.55 20 ia 165-04 
5.07 20 ae 164-60 
6.30 20 0-6900 164.54 
14.07 20 0-6810 164-21 
22.34 20 00-6831 164-11 
22/11 21.07 20 0-6837 163-82 


Figures in brackets are approximate 
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Table VII 
SUMMARY OF EXPERIMENTAL CONDITIONS 
Pretreatment Oxidation 
Exp. Specimen Temp., °C. Atmos. Time, hr. Temp.,°C. Humidity, % Remarks 
Ist Series 
26 VSJ 2 250 Hydrogen 12 20 100 
350 Hydrogen 6 
400-470 Hydrogen 16 
27 VSJ 5 140 Hydrogen 5} 20 0 
180 Hydrogen 8 
225 Hydrogen 7 
300 Hydrogen 2 
470 Hydrogen 3 
500 Nitrogen 12 
28 VSJ 5 300 Hydrogen 16 20 0 From 27 
500 Nitrogen 1 
40 VSJ 5 500 Hydrogen 9 81 0 From 28 
(83) Nitrogen 1 
41 VSJ 6 500 Mixt. of Nitrogen 10} 151 0 
200 Hydrogen 1 
500 3 
150 Nitrogen 2 
42 VSJ 13 400-500 Mixt.of Nitrogen (2-5) 20 0 Ground with grade 303} 
Hydrogen emery 
2nd Series 
44 VSJ 8 Nitrogen 3 111 Polished with Cr,O, 
500 Nitrogen 6 
(111) Hydrogen 11 
45 VSJ 7 500 Hydrogen 10 111 
46 VSJ 7 400-500 Hydrogen (9) 111 100 From 45 
48 VSJ 15 111 Nitrogen 1} 111 0 
49 VSJ 16 206 Nitrogen 1 206 0 
50 VSJ 11 265 Nitrogen 1 265 0 
51A and B NPL 500 Hydrogen 3 265 0 Large grain size 
265 Nitrogen 1 
52 VSJ 18 500 Hydrogen 1 206 0 
206 Nitrogen 1 
53 VSJ 14 (152) Nitrogen 1 152 0 


Figures in brackets are approximate 


oxidation was conducted in air dried with P,O;. 
The carbonyl iron specimen NPL was very coarsely 
grained, and optical determinations on two areas of 
different orientation were recorded as Exps. 51A and B. 
The observations are presented in the form of 
graphs : 
(i) Plots of tany% against A, as a criterion of the 
nature of the film, Figs. 7 and 8 
(ii) Plots of A as a function of time, to show the 
kinetic character of the film growth process, Figs. 9-19. 
Various modes of plotting have been employed to 
determine whether the time law of film growth 
corresponds to any of those put forward for processes 
of this kind (cf. U. R. Evans! and E. A. Gulbransen"®). 
Seales of probable film thickness in Angstrom units 
are also marked on the axes. Thus, plots of A/t! and 
(dA)?/t would give straight lines if the simple parabolic 
law were valid. The former type of plot would give 
a straight line even when the axes have been displaced 
in the A direction ; the latter type of plot would give 
a straight line when the axes have been displaced in 
the ¢ direction. Such displacements might be 
expected if there were systematic errors in the 
determination of either of the variables, e.., in 
definition of time of commencement of reaction, or 
if there were initial transient phenomena preceding 
the setting up of a steady reaction controlled by 
diffusion through the growing film. 
Plots of A/logt and Jog A/logt have also been 
made, Figs. 14, 15, and 16. These, as is to be ex- 
pected, give a close approach to linearity, particularly 
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the latter. Whilst a logarithmic relationship between 
time and film formation can be derived from considera- 
tions of blockage of diffusion paths, there is, so far, no 
simple physico-chemical basis for the general parabolic 
relationship exemplified by the second type of plot. 


OXIDATION OF IRON AND SOME FERROUS 
ALLOYS AT ROOM TEMPERATURE 

Some optical studies have been made with specimens 
of carbonyl iron and chromium-nickel-iron alloys 
exposed to the laboratory atmosphere at room 
temperature. The observations made on the carbonyl 
iron specimens are presented graphically in Fig. 18, 
and those on chromium iron and chromium -nickel 
irons in Fig. 19. Since the constants for the film-free 
surfaces of these alloys have not yet been determined, 
it is not possible to estimate the thicknesses of the 
initial films, although they are very probably of the 
same order as those formed on iron 


OPTICAL CONSTANTS OF 
OXIDES 

Tronstad,? when reviewing early determinations of 
optical constants of iron and steels in his dissertation, 
noted that in many cases surfaces polished with rouge 
were used. He had himself found that surfaces so 
polished gave relative phase retardations of the order 
of 5° less than did surfaces polished with alumina. 
This difference must be attributed to a thicker film 
on the surfaces polished with rouge. In the present 
work, optical constants have been computed for 
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determinations on various reduced annealed carbony] 
ironspecimens. These measurements have been made 
with the new polarization spectrometer built by 
C. Leiss for Tronstad, and using the improved method 
of reading to eliminate systematic errors of half-shades 
and circle zeros.*: > On the other hand, errors caused 
by multiple reflection have not yet been eliminated 
or computed, and these may be increased by the 
presence of windows in the optical path. 

Some determinations of optical constants of natural 
iron oxides have also been made in the course of the 
present studies, using cleavage faces of specimens 
kindly loaned by Dr. Bjérlykke from the Geological 
Institute’s collection. A number of determinations 
of refractive indices for various oxides and hydrated 
oxides are recorded in the literature, but no direct 


records of absorption index determinations for 
Table VIII 
OPTICAL CONSTANTS 
A n k nk Source 


Iron: cubic: density 7-8 
5461 3-06 1-20 3-67 
5780 3-20 1-08 3-46 
5461 2-7 1-0 2-7 


Present work 

Tronstad? 

Leberknight and Lustman,!* 
published temperature 


curve 
5780 1-51 1-08 1-63 Meier” 
5780 2-36 1-36 3-21 Drude” 


Maégnetite: cubic: density 5-18 


5461 2-5 0-120 0-3 Present work 

5461 2-58 0-107 0-276 Calculated from Leberknight 
and Lustman,'* published 
readings 

5890 2-42 0-206 0-55 (Artificial) Loria’ . 

5890 2-42 0-206 0-55 )\ (Natural) Loria and Zakr- 

5330 2-41 0-236 0-57 zewsky’® 

5461 2-41 0-232 0-56 Interpolated from above’ 


Hematite Fe,O,: rhom- 
bohedral: density 5-3 
5461 3-46 0-308 1-07 Present work (basal plane, 

7/3 incidence) 
Calculated from Leberknight 
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hydrated iron oxides have been found. In Tables 
VIII, IX, and X, some published values for iron and 
iron oxides are collected, together with the present 
new determinations for iron, magnetite, and hematite. 
Consideration of the constants for oxides suggests 
that it should be possible to distinguish by polari- 
metric measurements between films of Fe,O, (n = 3-2 
and nk= 1-0), Fe,0, (n= 2-5 and nk =0-3), and 
hydrated ferric oxides (n, 2-2-5 and nk << < 0:1). 
DISCUSSION OF RESULTS 

Nature of Film 

Before discussing the implications of the present 
observations it will be appropriate to review 
briefly the contemporary views on the nature of the 
low-temperature oxidation product of iron. 

At first, it was considered that the thinnest films, 
formed at temperatures below 150-200° C., consisted 
of rhombohedral ferric oxide, and that an inter- 
mediate layer of magnetite formed at higher tempera- 
tures. This view was largely based on the examina- 
tion of stripped films,?* 24 which, as Evans?* has 
pointed, out, may possibly be altered in constitution, 
and even in composition, in the course of stripping. 

Later, when electron diffraction methods were 
applied to determine the structure of the thin film 
formed on iron by oxidation at low temperatures, it 
was found that a cubic structure was frequently 
present. Films formed on surfaces prepared in 
various ways were studied, usually in situ, using the 
grazing-incidence technique ; but in some cases, after 
stripping, the transmission technique was used. One of 
the earliest of these studies was that of Preston and 
Bircumshaw, who examined the films on Vernon’s 
abraded iron specimens® by using the grazing- 
incidence technique, and found cubic structures on 
specimens oxidized below 200° C., and rhombohedral 
structures on those oxidized at higher temperatures. 
Later, some interesting studies were made by Nelson,’ 
using the grazing-incidence technique, on films formed. 
at various temperatures on evaporated iron and also 


5461 3-20 0-30 0-97 ow ey ee eaeht on abraded iron surfaces. In the lower temperature 
and sustman,” published ange the films had a cubic structure with a = 8-38 A., 
readings ao 5 : 

and with an orientation related to that of the parent 

Table IX iron crystals, in that (4/2,1,0) of the oxide was 

parallel to (111) of the iron. Recently, Gulbransen 

OPTICAL CONSTANTS and Hickman?> made extensive studies of oxidation 

Hematite Fe,O, : Férsterling”° of a number of metals and alloys, including iron, 

Refractive indices Absorption indices using both the grazing-incidence method for films in 

>upiagl . : Ordinary Extraordinary sity, and the transmission technique and electron 

Red 5-05 2-87 60-0875 60-0670 microscope with separated films. The parameters 

Yellow 3-11 2-88 0-135 0-111 . ; . : 

Green 3-17 2.92 0.173 0-126 found were a= 8-44-8-49 A. for films in situ, 

Blue 2-70 2-84 0-377 0-305 and a = 8-35 A. for separated films, which were 0-6%, 

Table X 
OPTICAL CONSTANTS : DENSITY AND REFRACTIVE INDICES 
Mineral Formula Density w € A Source 
3-01 2-90 ss Wich 
Hematite Fe,O, 4.9-5.3 3-17 2-92 Green Forsterling* 
3-23 2-94 5890 Wilfing” 
o B y 

Turgite 2Fe,0,.H,O 4.29-5-0 2-45 2-55 2-55 6710 Posjnak and Merwin** 

Goethite Fe(OH)O 4.0-4-4 2-26 2-39 2-40 5890 Posjnak and Merwin 

Lepidocrocite 3Fe,0;.H,O 4-09 94 2-20 2-51 5890 Posjnak and Merwin 

Limonite 3-6-4-0 Np = 2-0-2-1 (amorphous) Posjnak and Merwin 
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Fig. 7—Changes in measured optical magnitudes, tan ; and A, compared 
with theoretical changes corresponding to films with various optical 
constants (Cartesian co-ordinates) 


higher and 0-55°% lower, respectively, than the value 


Experimental curves 


17 
conducted in moist atmospheres, viz.. 
Exps. 26 and 46, do not show any 
appreciably different trend from those 
carried out in dry air, and it is therefore 
concluded that the presence of mois- 
ture does not produce any appreciable 
change in constitution of the thin low- 
temperature films. 

The observations from the oxidations 
conducted at 265° C. have been plotted 
on polar co-ordinates in Fig. 8, together 
with computed theoretical tan Y/A 
curves for magnetite, « ferric oxide, and 
also a number of cases of double and 
mixed films. Here the plots of obser- 
vations initially follow the magnetite 
curve, but at thicknesses between about 
150 and 250 A. begin to diverge towards 
lower tan ) values than the magnetite 
curve. Divergence from the magnetite 
curve commenced earlier for the slower 
oxidizing area of the coarse-grained 


Theoretico! curves: 





for the X-ray parameter for Fe,O, of 8-40 A. Grain 4— Exp 30, sia Uniform film growth 
sizes ranging from 350 A. to 1200 A. were observed -@— Exp 51B] —— Growth of Fes 
with the electron microscope for films ranging from x  Emeried surfaces on initio! FesQ,film 

; (Toble m) cocce Growth of« Fe205 


light blue I to silver blue II produced on bright- 
annealed surfaces oxidized at 250-300° C. All elec- 
tron-diffraction workers emphasize that the precision 
of the technique is not sufficient to discriminate 
between magnetite and cubic or y ferric oxide with 
X-ray parameters of 8-40 A. and 8-32 A. respectively. 

In the present work the observations from oxida- 
tions at temperatures up to 206° C. have been plotted 
in Fig. 7, together with theoretical tan ¥/A curves 
computed for films with optical constants correspond- 
ing to magnetite, « ferric oxide, and hydrated oxides ; 
but not for y ferric oxide, as the optical constants of 
this are not yet known. It is clear that the trend of 
all these observations is very similar to that of the 


curve computed for films with the optical constants ton p.* 
of magnetite, and markedly different from that of —___.j—1 
the curve computed for « ferric oxide. Oxidations §—=————-——— 
ScaleA 10 @ OC 40C 300 bh 
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Fig. 8—Changes in measured optical 
magnitudes, tan ¥ and \, at 265 
C., compared with theoretical 
changes computed for various 
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Fig. 9—Film growth at various temperatures. Relative phase retardation, 


plotted as a linear function of time. (Film thickness is almost a linear 


function of the change in relative phase retardation) 
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seen in Fig. 8, the kind of diver- 
gence from the magnetite curve 
observed here could result from 
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Fig. 10—Film growth at various temperatures. Squares 
of changes in the relative phase retardation are 
plotted on a linear time scale 
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Fig. 12—Film growth at various temperatures 


Figs. 11 and 12—The relative phase retardation, changes in which are very 
nearly a linear function of film thickness, is plotted on a root-time 


Indirect information on the absorption coefficient 
of the film substance can also be derived from a 
consideration of the number of interference orders 
that it is possible to observe during the growth of 
thick films. Under favourable conditions Thornhill, 
quoted by Evans, states that colours up to fourth- 
order red may be observed. When reflectivity/film- 
thickness curves are computed with film constants 
corresponding to « ferric oxide, only two, or at most 
three, interference minima can be distinguished.4 
Similar computations have not yet been made for 
film constants corresponding to magnetite, but it is 
certain that when these are made they will show more 
interference minima than the ferric oxide curves. 
The observed number of interference orders is, there- 
fore, in accord with the view that films in the inter- 
ference-colour range of film thicknesses contain a con- 
siderable proportion of a substance with lower 
absorption than ferric oxide, 7.e., magnetite or possibly 
y ferric oxide. 


Kinetics of Growth 

The various plots of growth curves reveal that 
log/log plots, Fig. 16, give reasonably good straight 
lines in the higher temperature range, say above 
150° C., but that the slopes vary, and correspond to 
cubic or higher power parabolas. 

On the other hand, the plots of squares of change 
in A against time, Fig. 10, suggest that a quadratic 
parabolic law probably applies after initial transient 
phenomena. 
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Fig. 13—Film growth at various temperatures. The relative phase retarda- 
tion, changes in which are very nearly a linear function of film thick- 
ness, is plotted on a root-time scale 


In the lower temperature range, below 150° C., the 
root-time plots, Figs. 11, 12, and 13, suggest that 
after an initial period the growth law approximates 
to a quadratic parabola. While log-time plots may 
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reveal the effect of orientation of 
the parent iron crystals on the 
parabolic rate of film formation. 
The initial phenomena do not 
appear to be greatly affected by 
orientation. Diffusional transport 
is therefore probably restricted to 
limited sets of crystal planes, for 
instance those matching with 
planes of iron atoms in the film. 
The initial rapid processes may 
presumably be of a similar charac- 
ter to the quantum mechanical 
tunnelling mechanism, postulated 
by Mott?’ in the case of film growth 
on aluminium. 


Effect of Temperature 

When rate constants are com- 
puted assuming a diffusion process, 
1.e., taking slopes of parabolas fitted 
at various points and logs plotted 
in the usual way against reciprocal 
absolute temperatures, the plots 





appear linear over short periods, e.g., Fig. 14, over 
longer periods the slope increases slowly but distinctly 
(cf. Fig. 15). There is no indication of complete 
cessation of growth at any temperature. 

It must therefore be concluded that neither the 
logarithmic nor the asymptotic growth laws apply 
to the oxidation of iron in the temperature range 
20-265° C. 

In those cases where a quadratic parabolic law seems | 
to apply it would appear that a steady-state diffusional —— 
growth mechanism has been set up. The measure- 
ments on the coarse-grained carbonyl iron specimen, 
Exps. 514A and B, Figs. 8, 9, 10, 13, and 16, clearly 





O 


iO (00 hr, 





T 


APPROX FILM THICKNESS, A 


l 10 days 
TIME, Log. scale 


Fig. 14—Film growth at 20°C. 
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Fig. 15—Film growth at various temperatures 


Figs. 14 and 15—The relative phase retardation, changes in which are very nearly a linear function 
of film thickness, is plotted on a log-time scale 
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are reasonably linear to the lowest temperatures, and 
the slope is of the same order of magnitude as that 
found at higher temperatures by Vernon® and by 
Gulbransen,!* corresponding to an overall activation 
energy of about 1 e.V. (see Fig. 17). 

The change in slope reported by Vernon in the 
plot of oxidation for an arbitrary time evidently 
includes the initial non-steady-state phenomena which 
bulk larger in the total at the lower temperatures, 
and therefore give the appearance of a change in 
slope at about 200°C. In the present work there is 
no evidence of any important change in slope when 
the rate constant is computed from the slopes of 
tangents to the thickness/root-time curves. 

A parallel displacement between curves for experi- 
ments in the first series and curves for experiments 
in later series after an interval of five years has not 
yet been explained. In view of this discrepancy, and 
also the great influence of orientation on growth rates, 
it is felt that further analysis of rate data in the manner 
proposed by Gulbransen,!*> in which entropies and 
free energies of activation of a postulated activated 
transition state are computed, should be deferred 
until more precise determinations for single-crystal 
planes are available. It is nevertheless important 
to note that the implication of the present observa- 
tions is that the mechanism of the growth process 
is essentially the same throughout the temperature 
range 20-265° C., and taking into account Gulbran- 
sen’s results, further up to 450° C. 


Effect of Moisture 

In two experiments (Exps. 26 and 46, Figs. 14, 15, 
and 16) the oxidation of bright-annealed surfaces was 
conducted in moist atmospheres. Experiment 26 at 
room temperature gave a growth curve higher than 
the curves for dry air, while Exp. 46 at 111° C. gave 
a growth curve much lower than the other curves 
for this temperature. This latter effect appears to 
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Fig. 17—Effect of temperature on initial film growth 
and subsequent rate of film growth. The log of 
the parabolic rate constant is plotted against the 
reciprocal of the absolute temperature. The rate 
is computed as increase in weight in mg./sq. dm. 
of surface for unit increase of root-time hr. in the 
interval 10 to 100 min., except for point marked C 
where the interval is 100 to 1000 hr. 


be similar to that observed by Campbell and Thomas** 
in the oxidation of copper. Since there is no evidence 
that water enters into the bulk structure of these thin 
films it seems reasonable to suppose that it is absorbed 
at the outer surface, and there alters the driving 
potential of the transport process. This is clearly a 
matter requiring much 
further study with single- 
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Fig. 16 —Film growth at various temperatures. Decreases in relative phase retarda- 
tion are plotted against time, with logarithmic scales for both variables 
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Fig. 18—-Film growth on carbonyl-iron surfaces pre- 
pared in various ways in laboratory atmosphere 
at room temperature. The relative phase retarda- 
tion, changes in which are very nearly a linear 
function of film thickness, is plotted on a log-time 
scale 


orientation of micro-crystals in the surface layers 
and/or the admixture of polishing agent, Al,O, in 
this case, in the film. Surfaces polished with Cr,O, 
were found to have thicker films initially, but the 
rate of growth was again markedly slower than for 
bright-annealed surfaces. Tronstad? has drawn atten- 
tion to the fact that on surfaces polished with rouge, 
the initial films were invariably thicker than on 
surfaces polished with Al,0,. The common observa- 
tion that abraded surfaces show uniform temper 
colours at higher temperatures is also in accordance 
with the view that the preferred orientation of 
deformed surface layers is an important factor in 
determining the rate of film growth. 

The observations made on surfaces of carbonyl iron, 
dry-ground with grade 303} emery on a lead lap 
(Tables III and V1), when referred to the tan |//A plot, 
Fig. 8, suggest that the films on these surfaces have 
an apparent thickness of about 100 A., and optical 
constants similar to those of magnetite. This is 
further supported by the reduction experiment 
recorded in Table VI, in which the film is removed. 
It will be noted that in this case tan | and A increased 
to values quite close to those found in the many other 
experiments where polished surfaces were reduced, 
and this gives confidence in the feasibility of utilizing 
an. optical reflection technique with imperfect reflec- 
tors. On reoxidation of the reduced ground surface 
at room temperature, the initial rapid change was also 
of the same order of magnitude as that observed for 
bright-annealed polished surfaces. The present esti- 
mate of 100 A. film thickness 0.. ground surfaces 
agrees quite well with Sloman’s determination by hot- 
extraction analyses of 140 A. film thickness on surfaces 
abraded in a somewhat different manner, 7.e., with 
dry emery paper.*4 Thus the initial film on surfaces 
abraded with emery in the above manner seems to 
have an apparent thickness about five times greater 
than the film formed isothermally on bright-annealed 
surfaces of iron at room temperature. 


Effect of Alloying Elements 


The experiments with polished specimens of iron— 
chromium and iron-nickel-chromium alloys, Fig. 19, 
suggest that the mechanism of thin film formation 
in these cases is essentially similar to that on polished 
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pure iron, since the extent of initial oxidation and the 
shape of the growth curves appear to be generally 
similar. The relative positions of the individual 
curves is not necessarily significant in the absence of 
determinations of optical constants for film-free sur- 
faces. More detailed optical studies of films on alloys 
of these types are dependent on the development of 
methods for the preparation of film-free reference 
surfaces. Possible methods of reducing refractory 
initial films might be based on the use of atomic 
hydrogen, or bombardment with hydrogen ions. 
Alternatively it might be feasible to produce syn- 
thetically clean alloy surfaces by mixed vacuum 
evaporation followed by annealing in high vacuum ; 
though, as Gulbransen has shown, the best vacua 
obtainable at present are oxidizing with respect to 
the more active metals at moderate temperatures. 


CONCLUSIONS 


Optical studies of the oxidation of iron surfaces in 
the temperature range 20-265° C. indicate that : 

(1) Films up to thicknesses of the order of 100- 
250 A. consist mainly of magnetite or possibly 
y ferric oxide ; at greater thicknesses an outer layer 
of « ferric oxide is formed 

(2) The law of growth is probably parabolic after 
initial transient phenomena 

(3) Crystal orientation does not appear to affect 
the initial phenomena appreciably, but does have 
great influence on the subsequent growth rates 

(4) The growth process seems to be of the same 
character from room temperature up to 400- 
500° C. 

(5) The presence of moisture in the atmosphere 
does not alter the constitution of the film, but 
possibly affects the film growth rate 

(6) Polish and cold work seem to retard film 
growth, possibly by the induced preferred orienta- 
tion 

(7) On ferrous alloys of the stainless type, con- 
taining nickel and chromium, the process of film 
formation does not appear to be essentially different 
from that on iron 

(8) Optical studies of films in situ can usefully 
supplement other techniques. 
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Fig. 19—Film growth on polished surfaces of carbonyl 
iron and on chromium iron and chromium -nickel 
iron alloys. The relative phase retardation, changes 
in which are very nearly a linear function of film 
thickness, is plotted on a log-time scale 
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These conclusions seem, in general, to be in accord 
with those of other workers in this field, and to 
contribute some detail hitherto lacking in the 
knowledge of some aspects of the low-temperature 
oxidation of iron. Doubt regarding the exact nature 
of the cubic low-temperature oxidation product is 
still unresolved. However, the ability of the im- 
proved optical technique to yield useful information 
continuously in regard to both the constitution and 
the thickness of thin films in situ growing on small 
reflecting surfaces has been demonstrated. It thus 
takes up a position intermediate between the electron 
diffraction methods on the one hand, with their 
emphasis on structure and state of aggregation, and 
the micro-gravimetric!® and gas volumetric”® methods 
on the other, with their emphasis on quantitative 
aspects. The electrolytic reduction method also 
furnishes information both on constitution and 
amount, but requires removal of samples from the 
experimental conditions to the reduction cell.2* All 
these techniques are useful in their several ways and 
can all contribute to the elucidation of film phenomena. 


SUGGESTIONS FOR FUTURE WORK 
In view of the present limited availability of optical 
equipment suitable for studies of thin film phenomena, 
and also the considerable amount of tedious compu- 
tation work necessary to evaluate the observations 
which themselves can be made quite rapidly, it is 
clearly desirable that the optical technique should be 
applied to those problems where its employment 
would seem likely to be most profitable. Thus in the 
present case the following points would appear to be 
particularly deserving of consideration in future 
optical studies : 
(1) General—The use of monocrystalline surfaces in 
view of orientation effects 
(2) Constitution of Film—The use of various wave- 
lengths in view of differences in absorption (i.e., colour) 
between different oxides, the determination of optical 
constants of y ferric oxide, possibly on a magnetite 
crystal face oxidized to y ferric oxide at a moderate 
temperature 
(3) Kinetics of Growth—Studies of effects of moisture 


and ozone alone and together, and of the effect of 


irradiation with ultraviolet light, etc., cf. Cabrera?® 
(4) Film Stripping—Optical studies of the stripping 
processes with the object of ascertaining whether the 
changes in the film during stripping can be neglected. 
Apart from these possible further applications of 
the optical technique, X-ray and micro-petrographic 
studies of separated films might also be profitable 
lines of investigation, in view of the interesting 
information obtained by these methods on structure 
and aggregation of anodic films separated from zinc 
and aluminium by Huber.*° 
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A Study of the Carburization Process 
WITH SPECIAL REFERENCE TO GAS CARBURIZING 


By D. S. Laidler, B.Sc., Ph.D., and J. Taylor, M.Sc., Ph.D. 


SYNOPSIS 


As a result of comprehensive experiments, on both laboratory and semi-works scales, a successful 
carburization process, using town gas as the carburizing medium, has been developed. 

The mechanism of the carburization process is discussed in the light of existing knowledge and of the 
results of experimental carburizations in pure carbon monoxide. The variables considered are steel com- 
position, temperature, surface activation, and gas velocity. Gas-reaction/time and carbon-absorption time 
curves are given, and a distinction is drawn between the effects of the rate of carbon diffusion and the rate 
of gas reaction at the surface on carburization. 

Early laboratory experiments with town gas showed the carburizing efficiency to be much reduced, owing 
to soot formation on the steel surface, even before that surface is saturated with carbon, Soot formation is 
virtually eliminated if the oxidizing constituents—oxygen, carbon dioxide, and water vapour—are removed. 
A light film of graphitic soot begins to form if the gas flow is in excess of that required to maintain carbon 
saturation at the steel surface. but it attains an appreciable thickness only after very many hours. Case-depth/ 
time curves for a number of steels and different temperatures are given, and diffusivity coefficients are calcula- 
ted. The effect and importance of linear gas flow over the steel surface, and also the lowering of the surface 
carbon concentration by following the active carburizing period with a soaking period in a neutral atmosphere, 
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are discussed. Practical tests illustrate the high degree of uniformity attainable. 


Semi-works scale trials are described, and the practicability of the method is demonstrated. 


As in the 


laboratory, so also in commercial containers, the * purified ’ town gas gave no sooting trouble. 

As available methods for the removal of carbon dioxide were unsatisfactory for gas volumes handled in 
practice, a new method, described in the Appendix, was developed whereby both the oxygen and carbon 
dioxide contents are reduced by passing the gas over a barium compound catalyst. 


Introduction 

HE outlines of the carburization process have been 
T established by the pioneer work of Giolitti,) Bram- 
ley and co-workers,” and others. This has been 
augmented by the more recent work of Grossmann,? 
Dorn and others, Harris,° and Stanley. From this 
work and the results of the present research, the 
mechanism of the carburization process may be formu- 
lated as follows. Carburizing gas reacts at the steel 
surface to give atomic carbon which may (a) be 
absorbed into the steel, or (6) form elementary carbon 
which appears as a graphitic soot. The absorbed 
carbon migrates inwards by a normal solid diffusion 
process—hence the rate of carburization will be a 
function of the diffusion coefficient and the carbon 
potential at the surface. This rate will be a maximum 
for any temperature when the maximum surface 
carbon potential is maintained throughout, and the 
latter is a maximum when the surface layer is satur- 
ated with carbon or in equilibrium with the carburiz- 
ing gas. The maximum rate of carburization is then 
a function only of temperature and of the type of 
steel. When the rate of carburization is less than 
the maximum it is a function of the rate at which 
carbon is absorbed at the surface of the steel. With 
some carburizing gases this is equal to the rate of 
formation of atomic carbon at the steel surface ; i.e., 
as long as the surface layer is unsaturated, all the 
atomic carbon produced by the carburizing reaction 
will be absorbed. Other gases, particularly those 
containing oxidizing constituents. such as oxygen, 
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carbon dioxide, and water vapour, apparently promot« 
the formation of elementary carbon in the form of a 
sooty deposit, even before the surface layer of the 
steel reaches saturation. In both cases, however, the 
rate of carburization will be a function of (a) the 
catalytic activity of the steel surface, and (6) car- 
burizing conditions such as rate of flow and composi- 
tion of the carburizing gas or, in pack carburization, 
the activity and packing of the compound used. 

Variables which affect the rate of carburization 
may thus be divided into (1) those due to the proper- 
ties of the steel, and (2) those arising from the car- 
burizing conditions. These are as follows : 


(1) Propertic 8 of the Ste el 


(a) Diffusivity Coefficient—Probably independent of 
composition for low-alloy steels (Wells and Mehl’). 

(6) Maximum Carbon Potential—The § difference 
between the saturation concentration of carbon in 
austenite and the original carbon content. The effect 
of alloying elements on the solubility of carbon is not 
accurately known, but probably nickel tends to lower 
and chromium to increase it. 

(c) Catalytic Activity of the Steel on the Carburizing 
Reaction—Important in carburizations at less than 
the maximum rate. 


(2) Carburizing Conditions 


(a) Temperature—Affects the diffusivity coefficient, 
the saturation concentration of carbon, and the rate 
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Fig. 1—Apparatus for carburizations in CO 


of gas reaction at the steel surface. All of these 
increase with temperature. 

(b) Composition of the Carburizing Gas—Influences 
(i) the equilibrium concentration of carbon in austenite, 
which is important if this is less than the austenite 
saturation value ; (ii) the rate at which the gas reacts 
to give atomic carbon ; (iii) the rate at which graphitic 
soot forms from atomic carbon, and (iv) the physical 
nature of this soot, 7.e., whether powdery and porous 
or scaly and dense. 

(c) Rate of Flow of Gas—Affects the rate of the 
surface gas reaction. It is important to distinguish 
between carburizations which proceed at the maximum 
rate and those which do not. The rate of the former 
can be increased only by raising the temperature, 
whereas the rate of the latter can be increased also 
by increasing the gas flow, activating the steel surface, 
using a more active gas, etc. Provided that the 
initial carbon content is the same, the maximum rate 
varies little with steel composition. 


CARBURIZATION IN CARBON MONOXIDE 


Carbon monoxide was used for the first series of 
experiments. Being a pure gas it has obvious ad- 
vantages over a mixture such as coal gas, in the study 
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Fig. 2—Progress of the reaction 2CO —-C--- CO, on 
steel specimens at different temperatures 
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of the general principles of carburization, and as CO 
is the active agent in pack carburization these experi- 
ments have a direct bearing on that process. 


Experimental 

The apparatus used is shown in Fig. 1; A and B 
are the hot and cold limbs of a closed system in which 
CO is circulated. The steel specimen a is suspended 
from the thermocouple c held centrally in the furnace 
tube by the spacers b. ‘T'wo liquid-air traps C con- 
dense-out the CO, formed in the reaction; taps f 
and g lead to a gas-holder and vacuum pump, respec- 
tively, and an oil manometer is connected at e. 

The steel specimens, 1 ~ }in., were suspended from 
the thermocouple as shown, the system was evacuated, 
and the furnace was raised to the carburizing tempera- 
ture. Pure CO was then admitted until the atmo- 
spheric pressure was reached. As the reaction 
proceeded, the pressure dropped owing to condensation 
of CO, in C, and measured volumes of CO were 
admitted at regular intervals to restore the pressure 
to atmospheric. At the end of an experiment the 
system was evacuated and the specimen was cooled 
in vacuo. The progress of the reaction was followed 
by plotting the volume of CO used, or the equivalent 
weight of carbon, against time. This was in good 
agreement with the increase in weight of the specimen 
at the conclusion of the experiment. 

Microsection measurements were made of the car- 
burized case, three zones being distinguished : hyper- 
eutectoid (P.C), eutectoid (P), and hypo-eutectoid 
(P.Fe). The boundary between the first two zones 
was usually fairly well defined, and there was good 
agreement between the measurements by different 
observers, but the transition from case to core was 
ill-defined, and whilst any one observer could obtain 
reproducible measurements, there was considerable 
variation for different observers. The measurement 
of case depth was a problem throughout the investiga - 
tion, and although microsection case-depth measure- 
ments have been recorded, the weight of carbon 
absorbed by standard specimens is considered a much 
more reliable measure of carburization. 


Effect of Temperature 
The effect of temperature on the reaction between 
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Fig. 3-—-Maximum-carbon-absorbed/time curves for 
carburization in CO at 975° C. 
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CO and a 0-19%, carbon steel is shown in Fig. 2. 
In two cases a small amount of soot formed on the 
steel surface, and this has been deducted to give the 
weight of carbon absorbed. Soot deposited in this 
way is graphitic and may contain 10-15%, of iron, 
which must be taken into account when estimating 
the weight of carbon absorbed. 

Initially, the curves in Fig. 2 are very nearly linear, 
showing that the rate of carbon formation is constant, 
although the carbon concentration at the steel surface 
must be increasing steadily. Later, the rate of carbon 
formation decreases with time, and the carbon- 
absorption curve becomes parallel to the maximum 


carburization curve (see Fig. 3), although the rate of 


carbon formation remains slightly greater. The 
maximum carburization curve is obtained when the 


carbon concentration is maintained at its maximum 
value. Evidently the early portions of the curves in 
Fig. 2 represent the case when the steel surface is 
unsaturated and readily absorbs all the carbon formed 
by the gas reaction. ‘At the later stages the surface 
steel lay er has the maximum carbon content in 
contact with CO and can absorb carbon atoms from 
the surface only as those already in solution diffuse 
towards the interior. 

The steps in the reaction are probably as follows : 
(1) Adsorption of CO at the surface, (2) absorption of 
carbon into the steel and/or formation of graphite, and 
(3) desorption of CO, from the surface. As long as 
the steel surface is unsaturated the rate is controlled 
by steps (1) and (3). When the steel surface becomes 
saturated, step (2) controls the rate ; i.e., the rate of 
reaction is governed by the rate of diffusion of carbon 
plus the rate of graphite formation. For pure CO 
and a clean steel surface the rate of graphite formation 
is almost negligible, but it will be shown later that 
it may be accelerated and become an important factor 
in the reaction. 


Carburization Reaction for Different Steels 
An acid open-hearth, coarse-grained steel, contain- 


ing 0-19% C, 0-018% P, 0-032% 8S, and 0:77% Mn. 
was used in the foregoing experiments. Similar 


curves for experiments under identical conditions at 
975° C. were obtained with a number of other steels. 
These curves are shown in Fig. 4, and details of the 
steels are given in Table I. A feature of the curves 
is the range of the initial slopes, indicating that the 
catalvtic activity of the surface for the reaction 
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This is of practical impor- 
tance, particularly in pack carburization where the 
concentration of carbon established in the surface 
layer of the steel is usually well below the maximum. 
That is, the carburization rate is governed by the 
rate of supply of atomic carbon to the surface, and 
this is a function of the catalytic activity of the steel 
surface and of the activity of the carburizing com- 
pound. The poor carburizing properties of some steels 
are certainly due to poor surface catalytic activity. 
This can be compensated for by using a more highly 
‘energized’ carburizing compound. Complications 
will arise in pack carburization if the charges are 
nade up of steels of different surface catalytic activi- 
ties ; these could be overcome by a preliminary testing 
and grading of the steels. 

The lower curves in Fig, 4 are for fine-grained steels, 
which have a poor reputation in pack carburization. 
This suggested that the surface catalytic activity 
might be connected with grain size. However, one 
of the more active steels, curve VII, is also fine- 
grained, so that grain size alone cannot account for 
the differences in activity. 


varies from steel to steel. 


Effect of Surface Activation 

Experiments with pre-oxidized steel specimens 
showed the possibility of accelerating the fission of 
CO at the steel surface. The oxide skin so formed 
should be closely adhering to the underlying metal ; 
if blistering occurs, the rate of adsorption of carbon 
by the steel may be retarded rather than increased. 
This also happens if the oxide skin is too thick. A 


























2C0 = C+ CO, 
Table I 
ANALYSES OF STEELS 
Steel | Cc, % | Mn, ° | Si, ° | P, % | Ni, % | Cr, % | Mo, % | Remarks 
| | | 
I 0-19 0-77 0-018 | se | Acid open-hearth, coarse grain 
II 0-19 0.53 vas 0-022 |... | | Acid open-hearth, coarse grain 
Ill 0-18 | 1-02 0-141 0-046 | sah see eet v7 Acid Bessemer, fine grain 
1V 0-17 0-49 0.135 |; 4-30 | 1-43 | 0-225 | 
Vv 0-11 0.33 0.230 | 4-74 | 0-09 | 
VI 0-17 0.24 0-180 os ; 3-12 ; 1-00 | 
VII 0-14 0-90 0.14 O50 | ... | Acid Bessemer, fine grain 
Vill 0.41 1-05 0-05 0-071 sae | Basic open-hearth, medium grain 
i ] | | 
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Fig. 5—Progress of the reaction of 2CO — C + CO, on 
surface-activated steel specimens 


suitable oxide skin can be formed by oxidation in 
steam, CO,, or low-pressure air at 700-1000° C. 
Results of carburizations on oxidized specimens 
at 975° C. are summarized in Fig. 5. The acceleration 
of the gas reaction varied approximately with the 
thickness of the oxide skin. In most cases a sooty 
deposit formed on the steel surface; this deposit 
was normally powdery and porous and did not retard 
the absorption of carbon by the steel, but if pre- 
oxidation had been heavy the carbon deposit was a 
coherent scale which retarded carburization. - From 
these and other experiments, the maximum weight of 
carbon absorbed during carburization with CO was 
determined and is shown by the broken line in Fig. 5. 
This curve represents the limiting values when the 
diffusion of carbon into the steel is at the maximum 
rate throughout. If atomic carbon is formed in 
excess of this rate, as with the pre-oxidized specimens, 
it must give a sooty deposit. In maximum-rate 
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Fig. 7—Maximum-case-depth/,\/time curves for car- 

burization in CO at 975°C. 


potential has been maintained, the results show that 
the carbon absorbed is proportional to the square 
root of the carburizing time (see Fig. 6). 

The carbon absorbed in CO carburizations (Fig. 6) 
is rather less than for a similar series using coal gas 
as a carburizing medium. This is due to the maximum 
carbon concentration in a CO atmosphere being rathe: 
less than the value for saturated austenite. It was 
impossible to get the maximum carbon concentration 
from relatively thin carburized cases, but thin hollow 
cylinders of steel were carburized completely at 
975°C. For the mild steels I, II, and ITI, this gave 
carbon contents of 1-53, 1-53, and 1-46%, respec- 
tively, as against 1-63°% which Gurry® considered the 
most reliable value for saturated austenite. As is 
shown later, carburization in coal gas can give 
saturated austenite. 

Maximum carburization curves were determined fo: 
the remainder of the steels in Table I. The result 
(Fig. 7) show that there is little difference in the 
maximum carburizing rate of the steels. Steel IV 
shows slightly higher values, probably caused by the 
chromium slightly increasing the surface carbon 
concentration. 

CARBURIZATION IN HYDROGEN/CARBON- 

MONOXIDE MIXTURES 

Hydrogen is always present in the gas during pack 
carburization, and Bramley and Turner?“ showed that 
hydrogen had a pronounced accelerating action on 
the carburizing reaction. This has been confirmed. 
and the general effect on the rate of reaction in the 
initial stages of carburization is shown in Fig. 8. An 
interesting feature of this curve is the pronounced 
effect of as little as 0-5% of hydrogen. The effect 
of the hydrogen on the formation of free carbon was 
also noteworthy. As already described, in pure CO. 
carbon soot did not form until the surface carbon 
concentration reached saturation, and then only 
slowly. The deposit was a smooth grey film and 
contained 10-15% of iron. Mixtures of CO and 
hydrogen, on the other hand, deposited carbon on 
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Fig. 8—-Effect of hydrogen on the rate of carburization 
in CO 


the surface before it reached saturation. Further- 
more, some carbon soot was deposited even on the 
silica reaction tube—in this case as a black fluffy soot 
with only 2-3% of iron. The difference cannot be 
ascribed to the presence of oxidizing constituents in 
the carburizing gas, as in the case of coal gas. It 
may be due to moisture being produced in the reaction 
zone as well as CO, and, as shown later, the former 
appears to have a more powerful accelerating effect 
than the latter on graphite formation. 
CARBURIZATION IN TOWN GAS 

An investigation was begun into the use of coal 
gas as a carburizing medium. This has been tried in 
the U.S.A.,2°-!2 but it is considered much inferior to 
the mixtures of natural gas and burnt gas usually 
employed. Preliminary experiments revealed that 
straight town gas gave poor results, but that this was 
due largely to the presence of ‘oxidizing’ con- 
stituents—O,, CO,, and H,O. These experiments 
were made on standard size specimens of the fine- 
grained steel III. The average composition of the 
town gas was as follows : 


16-8 


co, 2.3 H, 
O, 1-3 CH, 24-6 
C,H, 2-2 N, 13-6 


Moisture 1-5% 

The early experiments showed that, unlike the CO 
carburizations, carbon in the form of a hard coherent 
scale readily formed on the steel surface long before 
the latter reached carbon saturation. Removal of the 
‘ oxidizing ’ constituents restricted this soot deposition 
to a fine pulverulent deposit, similar to that observed 
with the CO carburizations. The deleterious effect 
of these ‘ oxidizing’ constituents is shown by the 
results in Fig. 9. This illustrates the effect of 
increasing gas flow, using coal gas freed from CO, 
and water vapour, but not oxygen. There is a steady 
increase in the weight of carbon deposited, but the 
weight absorbed by the steel rises to a maximum and 
then slowly declines; moreover, the maximum 
absorbed is only half that when using * deoxidized ’ 
gas. This tendency to form a hard coherent soot 
at the steel surface is not entirely eliminated unless 
oxygen, water vapour, and CO, are removed. 

In addition to limiting the rate of carburization, as 
measured by the weight of carbon absorbed, the 
formation of carbon scale makes even carburization 
difficult to attain, which may be more important from 
a practical point of view. This was well illustrated 
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by some experiments with steel specimens 3 in. long. 
Carburized in gas from which only oxygen and water 
vapour had been removed, the first specimen had a 
slight dusting of soot on the upstream end, which was 
fully carburized, whilst the downstream end was 
undercarburized. The rate of gas flow was increased 
in the next experiment, which resulted in the upstream 
end having a scaly carbon sheath under which the 
steel was undercarburized whilst the other end was 
now fully carburized. It was virtually impossible to 
adjust the gas flow rate to avoid this, but if fully 
* deoxidized * gas was used it was quite easy to obtain 
even carburization over the full length of the specimen. 

The significance of these results is best appreciated 
by reference to the theory of carburization discussed 
earlier. Evidently * purified ’ town gas carburizes in 
a manner similar to CO. Until the surface carbon 
content reaches the maximum value, all the atomic 
carbon formed at the surface by the gas reaction is 
absorbed into the steel, i.e., soot is formed only from 
atomic carbon in excess of what the steel can absorb. 
When the surface carbon content of the steel reaches 
saturation, the rate of removal of atomic carbon from 
the active catalytic centres is a function of the rate 
of diffusion of carbon in the steel and the rate of 
graphite formation. These are then the rate-control- 
ling reactions ; the former is a function of the steel 
varying only with temperature, and the latter is a 
very slow reaction. This means that high gas 
flows may be employed to ensure carburization at 
the maximum rate without the risk of heavy soot 
deposits. 

Carburizations with town gas containing impurities 
such as oxygen, moisture, and CO, differ from the 
above in three important respects : 

(1) Carbon soot forms at the surface at the expense 
of atomic carbon which could be absorbed by the steel, 
i.e., before the maximum surface carbon concentration 
is reached. 

(2) Formation of graphite from atomic carbon is 
rapid and is no longer the rate-controlling reaction. 

(3) The soot so deposited quickly builds up a 
coherent scale which restricts further carburization. 
Of these, the first is of least importance from a 

practical point of view. Indeed, if the process could 
be controlled in such a way that a lower surface carbon 
concentration resulted, for some purposes it would be 
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a practical advantage. The importance of the second 
and third points has already been shown in the 
experiments with town gas containing only CO, 
as impurity. To obtain even carburization the gas 
flow must be so adjusted that the rate of formation 
of atomic carbon is approximately the same as its 
rate of absorption. Such an adjustment is difficult 
because of the variation in the rate of carbon absorp- 
tion with time. Moreover, in a commercial unit the 
gas flow varies from point to point throughout the 
charge, so that even if the correct average gas flow 
is maintained, the flow would be high enough for 
carbon deposition in some parts and low enough for 
underearburization in others. This illustrates a major 
advantage of purified town gas : it gives no trouble 
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Fig. 11—Maximum-case-depth ',\/time curves for car- 
burizations in ‘ purified ’ town gas at different 
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with excessive carbon deposition at high gas flows, 
the use of which ensures maximum rate of carburiza- 
tion, even where the gas velocity is lowest, and thus 
carburization is uniform throughout the charge. 

Scaly carbon deposits also introduce other practical 
problems. The work must be thoroughly descaled 
before the subsequent heat-treatment, which means 
that direct quenching cannot be employed. Further- 
more, if heavy deposits of carbon form on the work, 
they will almost certainly form on the carburizing 
retort and must be removed by chipping or burning 
out, which will not improve the life of the expensive 
retort. KE. F. Davis!’ has reported that retorts have 
been known to fail after only a few days’ service, 
owing to carbon deposits bursting open the corners. 
In commercial practice some of the disadvantages of 
using unpurified town gas may be partially masked. 
Reaction between methane and the oxidizing con- 
stituents may reduce their concentration before the 
work is reached, to such an extent that the composi- 
tion of the resulting gas approaches that of a ‘ puri- 
tied * gas. Indeed, Darrah! has described a process 
whereby the gas is conditioned by first passing it 
through a chamber at a temperature higher than that 
of the carburizing muffle ; he claims that in this way 
excess carbon is deposited in the first chamber and 
carbon deposition in the carburizing muffle is avoided. 
The true explanation is probably that the pretreat- 
ment reduces the oxidizing constituents to the 
equilibrium value and the gas is then similar to a 
‘ purified * gas. However, unless pretreated, * un- 
purified * gas will show these deleterious effects to a 
greater or less degree according to circumstances. 

Unless otherwise stated, the further experiments 
described were made with town gas from which 
oxygen, CO,, and moisture had been removed. The 
purification was effected by (1) a nickel subsulphide 
catalyst at 300° C., (2) a caustic soda bubbler followed 
by a soda lime tower, and (3) a calcium chloride drier. 
(The caustic soda bubbler was necessary when the 
nickel subsulphide catalyst was used as the deoxidizer 
because, without it, scaly carbon tended to be 
deposited on the surface of the steel. This was 
probably due to the formation of sulphuretted 
hydrogen from the small residue of organic sulphur 
compounds present in town gas.) The town gas so 
purified will be referred to as town gas (P). 
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Effect of Time and Temperature 

Carburizations with standard specimens of the same 
mild steel were carried out at different carburizing 
temperatures and for different periods of time ; high 
rates of gas flow ensured maximum carburization. 
The results are shown in Figs. 10 and 11. In Fig. 10 
the weight of carbon absorbed is plotted against the 
square root of the carburizing time. Corresponding 
case-depth values, measured on the microsections, are 
plotted against the square root of the time in Fig. 11. 
These graphs show that at each of four carburizing 
temperatures between 900° and 1000° C. the weight 
of carbon absorbed and the case depth are pro- 
portional to the square root of the time. As in the 
CO experiments, at the maximum rate, town gas (P) 
carburizations involve a carbon diffusion process, in 
which the surface carbon concentration apparently 
remains constant throughout. 

In Fig. 12, carbon absorbed per +/hour and 
penetration per ~/hour are plotted against tempera- 
ture. It is of interest to compare these values with 
published data. A difficulty arises, however, in the 
different methods of assessing case depth. Two sets 
of data on the maximum carbon penetration values 
have been published, one by Schlumpf, quoted by 
Williams,!*? and the other by Harris.° Schlumpf 
measured case depths by means of fracture tests, 
and as there is no means of correlating such 
measurements with others, no comparison can be 
made. Harris expressed his values as ‘ apparent ’ 
case depths, using an empirical definition of case 
depth derived from weight of carbon absorbed per 
unit surface area. As carbon absorption values were 
recorded, there is a basis for comparison with Harris’ 
values. 

Harris’ ‘ apparent case depth ’ can be obtained from 
the expression 

Carbon absorbed per sq. cm. (g.) * 100 


9 
xt. 
The surface area of the standard specimens is 12-7 
sq. em. and the average density 9, of annealed steel 
over the given carbon range is 7-86 g./c.c.; then if 
w is the weight of carbon absorbed per specimen 
per \/hour, for a specimen of this surface area : 
w x 100 x 2 


o, arent cas > nor +/hr. = . 
Apparent case depth’ per V hr. = 12:7x7-86xc, ©™ 


C.,, the surface carbon potential, is the surface carbon 
concentration minus the initial carbon content of the 
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at 1000° and 925° C. were 1-65 and 1-45%, respec- 
tively, and from these, values for the concentrations 
at 975°, 950°, and 900°C. were obtained by inter- 
polation. 

The calculated ‘ apparent case depths’ are shown 
in Fig. 13, together with Harris’ values. The agree- 
ment is good and it is almost certain that these 
represent maximum carburization rates. This is con- 
firmed by the diffusivity coefficients calculated in the 
following section. In these calculations the surface 
carbon concentration is taken as that of saturated 
austenite, and values of the coefficient in gocd agree- 
ment with the best published values are obtained. 
Unless, therefore, surface carbon concentrations 
greater than those of saturated austenite can be 
obtained, which is improbable, these values represent 
maximum carburization rates. 

Deep Case Carburization 

For experiments on the production of really deep 
cases with town gas (P), steel billets, 4 « 2 2 in. 
and of the following compositions, were used : 

Steel Stee 


STA Slz 


Carbon 0-16 


Silicon 0.24 0-22 
Manganese By ae 0:73 
Sulphur 0-036 0-039 
Phosphorus 0-039 0-033 
Nickel 0-14 0-13 
Chromium 0-04 0-17 


These carburizations were carried out in a muffle 
furnace 4} in. dia., with a heated zone 20 in. long. 

After several successful carburizations, one experi- 
ment had to be stopped after 98 hr. because the 
muffle was choked with soot. This was due to a 
thin layer of mill scale on the surface of some of the 
billets. The effect of this in promoting deposition of 
carbon is shown by the following comparison of two 
carburizations at 925°C. : 


Billet witt 


Mill Scale Desealed 
Carburizing time, hr. 95 216 
Gas volume, litres 995 5225 
Wt. of carbon, g. 300 170 


Porous grey 
layer 


Black fluffy carbon, 
compressed into 
lumps in places 


Remarks 


Even after 216 hr. the porous grey scale on the de- 
scaled billet showed no evidence of restricting car- 
burization. 

Series of experiments were carried out at 925° and 
at 1000°C. After carburization the billets were 
sectioned and case depths were measured. Photo- 
graphs of some of the etched cross-sections of the 
billets are shown in Fig. 18. The results are sum- 
marized in Table II, and the case-depth measurements 
are plotted against the square root of the time in 
Fig. 14. These show that, even up to 119 hr. at 
1000° C. and 216 hr. at 925° C., corresponding 
to case depths of 14-5 and 11] mm., respectively, 
the case depth is proportional to the square root of 
the time, indicating that a constant carbon potential 
has been maintained throughout the carburizations. 

The rate of carbon penetration appeared to be 
slightly higher with the higher-manganese steel. This 
was due to the method of measurement, and not to 
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Duplicate series of samples were milled off two 
different faces of some of these billets and analysed 
for carbon. Good agreement was obtained between 
the duplicates, indicating even carburization from the 
two faces. The carbon penetration curves are 
reproduced in Fig. 15. Allowing for minor deviations, 
particularly near the surface, these curves are typical 
of carburizations at a constant surface carbon 
potential. With the exception of billet $12.3 at 
1000° C. and 119 hr., there is no decrease in the 
surface carbon concentration at the longer carburizing 
times, showing that the porous grey carbon scale 
formed on the surface has not restricted carburization. 

The diffusion of carbon in such carburizations can 
be expressed by the equation : 


oh ——t 


CASE DEPTH, mm = 
oh - 
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Fig. 14—Case-depth/,/time curves for deep-case car- 
burizations in town gas (P) 





4 
any fundamental difference in the carburizing qualities 2V(D) 

of the two steels as expressed by the diffusivity is yy 
coefficient. The measured case depths were greater is oa 
than those on the small specimens. This was due to 
the much slower rate of cooling of these large speci- 
mens and does not represent any real difference in 
rate of carburization. It illustrates the very real 
difficulty of making truly comparable depth measure- 


re) 


where C, is the surface carbon concentration 
C is the carbon concentration at a distance xr 
from the surface 
t is the carburizing time 
D is the diffusivity coefficient, and 












































ments. e-¥.dy is the Gauss error function. 
Table II 
CARBURIZATION WITH TOWN GAS (P) AT 925° AND 1000° C. 
Case Depth, mm. 
Expt. Steel Duration, hr. - 
, a ss yper- 
eutectoia | Eutectoid | .otetioia | eutectoid Total 
Carburizations at 925° C. 

14 STA 42-5 0-83 1-48 1-66 2-31 4.04 
$12 42-5 0-69 1-39 1-86 2-08 3-94 

4 STA 73 1-39 2-26 2-50 3-65 6-15 
S12 73 0-98 1-21 3-24 2-19 5-43 

6 STA 98 1-65 2-72 3-45 4.37 7-82 
S12 98 1-28 2-00 3-88 3-28 7-16 

5 STA 119 1-67 2-75 3-42 4.42 7-84 
S12 | 119 1-29 2-20 3-95 3-49 7-44 

8 STA 216 3-09 3-94 4-75 7-03 11-7 
S12 | 2-6 2-06 2-75 5-23 4.81 10-04 

Carburizations at 1000° C. 

12 STA 4 0-72 0-76 1-02 1.48 2-50 
$12 4 0-82 0-60 0-96 1.42 2-38 
13 STA 16 1-48 1-88 1-97 3-36 5-33 
S12 16 1-18 1-32 2-08 2-50 4.58 

9a STA 30 2-17 2-47 2-07 4.64 6-71 
1 S12 32 1-40 1-40 2-72 2-80 5-52 
S12 32 1-56 1-60 2-78 3-15 5-93 
2 STA 48 2-89 2-20 2-55 5-09 7-64 
S12 48 2-13 2-25 2-91 4-38 7-29 
9b STA 81 2-95 4-64 4-16 7-52 11-68 
3 STA 119 4.7 4.35 5-9 9-05 14.95 
S12 119 1-7 4-5 8-0 6-2 14.2 
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Fig. 15—-Curves for carbon gradient in carburized case. 
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STA and S12 steels: (a) and (b) at 925° C., (c) and 


(d) at 1000° C. 


Values of the diffusivity coefficient were calculated 
by substitution. With curves of this type, deter- 
mination of the true surface carbon concentration is 
difficult ; a relatively minor degree of decarburization 
or drop in the supply of carbon at the end of the 
experiment can cause a marked decrease in the 
surface value. Probably the maximum observed 
surface carbon content is the correct figure to use, 
viz., 1°65 and 1-45% at 1000° and 925° C., 
respectively. This was confirmed by carburizing to 
completion in town gas (P) thin plates of these two 
steels and also the mild steel III, used previously. 
Carbon concentrations of 1-65 and 1-45%, respec- 
tively, were found for each steel. Wells and Mehl’ 
have pointed out that, because the diffusivity coef- 
ficient increases with carbon concentration, the above 
equation is not strictiy applicable. Harris!® has 
proposed a method of calculating the true diffusivity 
coefficient from carbon penetration curves, but the 
mathematical derivation of the equation used is open 
to question. Wells and Mehl,’ and Harris,® in an 
earlier paper, both used the above equation so that 
direct comparison can be made with the present 
values. The coefficients were calculated for a carbon 
concentration of 0°55%, for which the calculated D 
values are practically the same as those calculated 
from the total weight of carbon absorbed, the basis 
of Harris’ values. 

The results, together with those of Wells and Mehl 
and Harris, are given below. Some additional values 
for STA steel, for which penetration curves were not 
determined, were calculated by using the fact that 
the measured eutectoid/hypo-eutectoid boundary is at 


MAY, 1950 


0-35% of carbon. These are also shown below, 
together with values for the S12 steel, calculated from 
penetration curves : 


Diffusivity Coefficient of Carbon in Steel, D 107 
cem.*/sec., at Various Carbon Concentrations and 
Temperatures 

0-35%,, C, 1000 C. 0-55%, C, 925 C. 
STA 2 3-8 STA 4 1-0 
STA 3 5-5 STA 8 1-9 
STA 9b 5-0 $12.5 1-2 
$12.2 5-7 $12.8 1-5 
$12.3 4-3 Average 1-4 
Average 4-9 Wells and Mehl 1-5 
Wells and Mehl 3-4-4-5 Harris 2-2 
Harris 5-2 

0:35%, C, 1000° C. 0-35°,, C, 925° C. 
STA 2 3-5 STA 4 1-0 
STA 3 4-5 STA 5 1-4 
STA 9a 4-5 STA 6 1-2 
STA 9b 1-5 STA 8 1-7 
STA 13 4-6 $12.5 Ls} 
$12.2 4-9 $12.8 1-3 
$12.3 4-0 Average 1-3 
Average 4-4 Wells and Mehl 1-4 
Wells and Meh] 3-1-4-1 
It may be seen that the agreement with Wells and 


Mehl is very good at 925° C., but the present authors’ 
values are rather higher at 1000°C. There are 
insufficient results for an exact comparison, but the 
diffusivity coefficients are certainly very similar. 

From the microsection measurements and the 
carbon penetration curves, the carbon concentration 
at the hyper-eutectoid/eutectoid and _ eutectoid) 
hypo-eutectoid boundaries were obtained, and are 
as follows : 
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Carbon Concentrations 


Hyper-eutectoid 
Eutectoid 


Eutectoid 


Carburizing Hypo-eutectoid 


Expt. Temperature,’ C. Boundary, % C Boundary, %% C 
STA Steel 
STA 2 1000 0-79 0-36 
STA 3 1000 0-96 0-36 
STA 9b 1000 0-99 0-36 
STA 10a 1000 sae 0-34 
STA 10) 1000 ihe 0-35 
STA lla 1000 com 0-30 
STA 116 1000 <i 0-36 
STA 4 925 0-85 0-32 
STA 8 925 0-93 0-36 
Average chs 0-90 0-35 
S12 Steel 
$12.2 1000 1-17 0-65 
$12.3 1000 1-19 0-69 
$12.5 925 1-00 0-59 
$12.8 925 1-15 0-53 
Average 1-13 0-61 


The effect of manganese is well brought out by the 
figures for the STA and 812 steels. Another interest- 
ing feature is the apparent eutectoid range, even for 
steels as well annealed as were these. 


Regulation of Surface Carbon Concentration 

Town gas (P), used as described above, gives a high 
surface carbon concentration and a hyper-eutectoid 
ease. Attempts to control the surface carbon con- 
centration by regulating the gas flow are not likely 
to prove satisfactory, except in special cases. In the 
U.S.A. a virtue has been made of necessity and by 
modifications of the subsequent heat-treatment, 
particularly the use of direct quenching and spheroidiz- 
ing anneals, it is claimed that the hyper-eutectoid 
type of case is to be preferred in many instances. 
This particularly applies to spheroidized cases, which 
are claimed to be superior for parts, such as gears, 
subjected to heavy sliding friction. However, for 
most purposes the eutectoid type of case is preferred, 
almost without exception in Great Britain. 

An obvious way of eliminating hyper-eutectoid is 
by soaking in a neutral gas atmosphere which causes 
the carbon to diffuse inwards and so reduces the 
carbon gradient. Experiments -were carried out on 
the elimination of hyper-eutectoid in what might be 
termed diffusion-soak carburizations. Before doing 
so, a method was sought for estimating the required 
soaking time. The only published method, by Harris,® 
is not sound. A method was worked out and is 
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Fig. 16—STA steel carburized at 1000° C., and surface 
carbon concentration lowered by soaking. Carbon 
gradients in cases 


described elsewhere,!* and the soaking times estimated 
from the curves proved to be an accurate guide. 
Four experiments were carried out on STA steel 
at 1000°C. The billets were carburized at the 
maximum rate and then soaked in a slow stream of 
nitrogen. The results are summarized in Table II] 
and photographs of two of the etched sections are 
shown in Figs. 18¢ and d. Agreement between 
calculated and determined surface carbon concentra- 
tion is good. The case-depth measurements show 
the gradual elimination of hyper-eutectoid as the 
surface carbon falls from 1-03 to 0:73%. Owing to 
the different shape of the carbon penetration curves 
(Fig. 16) there can be no direct comparison of these 
case depths with those of a straight carburization. 
The amount of carbon absorbed can be calculated 
from carbon penetration curves, and it is found that 
about 13°% is lost during soaking. It seems impossible 
that this can be due to the trace of oxygen in the 
almost static nitrogen atmosphere during soaking. A 
similar effect was noted by Bramley and Lord,” with 
even less chance of it being due to gas decarburization. 
The explanation may be in the differing solubilities of 
cementite and graphite in austenite. If graphite 





















































Table III 
CARBURIZATION IN TOWN GAS AT 1000°C. FOLLOWED BY SOAKING IN NITROGEN 
: Surface Carbon, Case Depth, mm. 
Active 0 
Carbur- | Soaking Total ; j 
Expt. ot a: ecsua —_ (T), t,/T Hyper- | 
t), r. r. per- zs vpo- autectoid | era 
“hr. cue, 1 ous, | orca | Batectos | JUyme., | cotectold | rota 
ar veers 
{ 
STA 106 27-5 70-5 98-0 0.28 0.69 0-73 Ron 6-3 5-1 6-3 | 11-4 
STA 10a 48.0 70-5 118-5 0-41 0-83 0-81 3 7-5 5-4 75 | 12-9 
STA 116 49-5 43-0 92.5 0.53 0-96 0.98 Traces 7-2 5-8 7-2 { 13-0 
STA Ila 75-0 43.0 118.0 0.64 1-07 1-03 1-8 5-5 5-7 7:3 13-0 
{ 
* Some hyper-eutectoid in corners of billets only. 
MAY, 1950 
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crystallizes out at the surface, carbon will diffuse out- 
wards as well as inwards until the concentration at 
the surface drops below the saturated graphite 
solubility. This possibility is to some extent con- 
firmed by the fact that in one experiment, for which 
the billet had previously been sectioned and polished, 
the case was clearly outlined by a fine graphitic 
deposit after soaking. 
Gas Flow and Carburization Rate 

To study the relationship between gas flow and 
carburization rate, standard steel specimens were 
carburized for 3 hr. at different gas flows and at 
905° and 955° C., using town gas (P) and mixtures of 
town gas (P) and hydrogen. These mixtures were 
to simulate the loss of methane and the increase in 
hydrogen which occurs during carburization. The 
gas compositions are given below : 


Gas A Gas B 
Town Gas (4/L Town-Gas 2/1 Town-Gas 

(P) H,) H,) 

C,H,, 2-2 2-0 1-2 
co 8-8 7-2 6-2 
CH, 30-5 24-7 19-8 
H, 43-0 54-9 61-8 
N. 15-5 11-2 11-0 


The results are summarized in Fig. 17,in which the 
weight of carbon absorbed in the standard 3-hr. 
carburization is plotted against linear gas velocity. 
These results show that, until the maximum rate is 
attained, i.e., until carburization is limited by dif- 
fusion of carbon, the rate varies linearly with gas 
velocity. The straight line does not go through the 
origin, z.e., the relationship between carburization 
rate (R) and linear gas velocity (V) is R= kV + A, 
where k and A are constants. This has an important 
bearing on the gas flows necessary to give maximum 
carburization rates over different carburizing times.!® 

The curves also show the effect of temperature and 
of the nature of the steel. The rate of carburization 
increases with temperature for the same gas flow, but 
the flow necessary to give the maximum rate is the 
same. Again, as for the carburizations in CO, the 
coarse-grained steel II carburizes more readily than 


MAY, 1950 


steel III, but the difference is not marked. Dilution 
with hydrogen reduces the carburizing power of the 
town gas by more than just a diluting effect. This 
was to be expected because of the decarburizing 
action of hydrogen. It is, however, difficult to link 
it quantitatively with the carburizing power of the 
gas because carburizing depends on the three con- 
stituents, methane, CO, and ‘unsaturateds.’ The 
maximum rate of carburization can be attained even 
with the most dilute gas. 

The practical significance of these results is the 
demonstration of the importance of the linear gas 
velocity. Increasing the linear gas velocity by 
turbulent or circulatory flow will lead to more efficient 
use of the carburizing power of the gas. Because 
of the decrease in carburizing power of the gas in its 
passage over the work, there should be an optimum 
length /cross-section ratio for the most efficient utiliza- 
tion of the gas. 


Carburization of Alloy Steels 

A number of low-alloy nickel-chromium steels were 
carburized, but could be compared only on the basis 
of carbon absorbed, as the measurement of case depth 
is influenced too much by alloy additions. The 
results indicated that, within this low-alloy range, 
alloy content does not influence significantly the 
maximum rate of carburization. This confirms the 
evidence of Wells and Mehl,’ on the negligible effect 
of such additions on the diffusivity coefficient. 


TECHNICAL GAS-CARBURIZATION PROBLEMS 

A number of technical carburization problems were 
investigated, some of which illustrate points of general 
interest. For instance, a eutectoid-type case of 
0-012 in. was required on Oerlikon gun sleeves, which 
were normally pack-carburized for 3 hr. at 925° C. 
It was estimated that, at the maximum rate, } hr. 
at 925° C. should be sufficient. The first trials were 
made before the conditions for a diffusion-soak type 
of carburization had been worked out and before the 
necessity to vary gas flow rates with carburizing time 
had been appreciated. Proceeding by trial and error, 
the first attempts were not very successful. Using 
the curves in Figs. 1 and 3 of Taylor’s paper,!® 
the conditions were worked out for a final surface 
carbon concentration of 1:0% as 20-min. active 
carburizing and 10-min. soaking time (in these and 
subsequent experiments soaking was in a static 
town-gas (P) atmosphere), and a gas flow at least 
three times as great as for a 3-hr. carburization. 
The results were now quite satisfactory ; in only one 
case was there a trace of hyper-eutectoid, and car- 
burization was very even. This illustrates the very 
great time saving possible on such thin case car- 
burizations. 

Another technical problem of general interest is the 
efficiency of this method of gas carburization when 
applied to work of intricate design, e.g., gears. The 
difficulty is to obtain even carburization over the 
roots and teeth of the gears. To study this, a 
number of gear rejects, kindly supplied by Dr. M. L. 
Becker, formerly of Messrs. David Brown, Ltd., were 
carburized. Details of the type of gear, steel, and 
case depth required, are as follows : 
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Case Depth 
No. Steel Description Required, in. 
1to3 $65 Bevel pinion 0-020 
4 $65 Spur wheel 0-015 
5 1B Diff. bevel pinion 0-040 
6 to 8 1B Spiral pinion 0-025 
9 1D Bevel shaft 0-035 
10 to 12 1B Worm 0-050 
13and14 1E Helical gear 0-060 
15 and 16 S90 Planet pinion 0-030 


Such a variety of case depths and steels afforded 
a useful test of the method of estimating carburizing 
conditions. In the absence of more precise informa- 
tion relating to these alloy steels, 1-459 was taken 
as the maximum surface carbon concentration at 
925° C., and 0-9% as the required surface concentra- 
tion to give a eutectoid type of case. In two experi- 
ments it was necessary to reduce this to an estimated 
0-8-0 -85% to obtain a hyper-eutectoid-free case. A 
correction was also necessary for the case-depth 
measurements. Those specified were based on the 
estimated hardening depth, which for mild steel had 
been found to be about two-thirds of the depth as 
measured by the authors. The same correction was 
made for these alloy steels. Carburizing conditions 
estimated on this basis proved correct, except for 
specimen 10, when a case depth of 0-10 in. was 
obtained instead of the desired 0-080 in. This must 
be in part ascribed to the unsatisfactory nature of the 
case-depth measurements. 

The carburizing conditions were worked out from 
the curves given in Taylor’s!® Figs. 1 and 3; they are 
summarized in Table IV, and the results of the micro- 
section examination are given in Table V. Repre- 
sentative photomicrographs and photomacrographs of 
some of the specimens are reproduced in Figs. 19 and 
20. Specimens 1 and 3 were poor because the esti- 
mated gas flows could not be attained, see Table IV. 
Specimens 10 and 14 showed a very thin even layer 
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of hyper-eutectoid ; this was eliminated in subsequent 
experiments by changing the ratio of active car- 
burizing time to soaking time. Specimen 9, although 
otherwise very satisfactory, showed some free 
cementite in the extreme corners of the teeth, but 
as Fig. 20 shows, the teeth had been only roughly 
cut and the sharp corners offered a very severe test. 
All the other specimens showed cases of even depth, 
both for the eutectoid and the hypo-eutectoid, on 
both the roots and the sides of the teeth. It is 
considered that these results prove the suitability of 
gas carburization for such work. 

The results of case-depth measurements made by 
Messrs. David Brown, Ltd., and by the authors, are 
given in Table V. The penetrations per +/hour, calcu- 
lated from the authors’ measurements, are also given. 
The measurements were carried out on slowly cooled 
specimens, but considerable uncertainty arises as to 
their significance. The range of penetration rates of 
0 -020-0 -030 in./\/hour almost certainly is not real, 
but is due to uncertainties in the measurement and 
assessment of case depths. This problem is discussed 
fully and proposals are made for a solution in a late1 
paper. 

SEMI-WORKS SCALE TRIALS 


Although the laboratory experiments demonstrated 
the practicability of suitably treated coal gas as a 
carburizing medium, many unforeseen difficulties 
could arise in translating the results of small-scale 
experiments in silica-tube furnaces into works prac- 
tice with nickel-chromium containers. It was par- 
ticularly important that fairly prolonged trials should 
be made of the behaviour of such retorts, with regard 
to both their durability and the problem of cracking 
of the gas and soot deposition. lLarger-scale tests 
were also desirable to furnish a guide to the necessary 











Table IV 
EXPERIMENTAL CONDITIONS FOR CARBURIZATION OF GEARS AT 925° C. 
Gas Flow, ft./min. 
i ‘ 
Specimen | Teel Corparizing | Active Curbertsing| yr 
Estimated Obtained 
1 1-1 0-6 0.55 1-55 1-24 
3 1-1 0-7 0-63* 1-55 0-94 
2 1-1 0-7 0-63* 1-55 1-42 
4 0.9 0-5 0-55 1-65 1-32 
5 6-25 3-8 0-63 0.92 (0-2 hr.) 0-92 (0-2 hr.) 
0-37 (2-3-8 hr.) 
6 1-17 0-7 0-60 1-48 1-53 
8 1-17 0-7 0-60 1.48 1-53 
9 4.8 3-0 0-62 0-75 0-85 
10 10.2 6-2 0-60 0-92 (0-2 hr.) 0-92 (0-2 hr.) 
0-37 (2-6-2 hr.) 0-37 (2-6-2 hr.) 
11 6-8 3-4 0-50 0-92 (0-2 hr.) 0-88 (0-2 hr.) 
0.37 (2-3-8 hr.) 0.44 (2-3-8 hr.) 
12 6-8 3-4 0-50 0-37 0.44 
14 14.8 8-8 0-60 0-92 (0-2 hr.) 0-92 (0-2 hr.) 
0-33 (2-8-8 hr.) 0.41 (2-8-8 hr.) 
13 14.5 7-25 0-50 0-92 (0-2 hr.) 1-23 (0-2 hr.) 
0-34 (2~7-25 hr.) 0.56 (2-7-25 hr.) 
15 3-0 1-8 0-60 0-96 0-96 
16 3-0 1-8 0-60 0-96 0-96 


























* The t,/T ratio is altered because the active carburizing time had to be increased from 0:6 to 0-7 hr. in order to get the desired 


amount of gas through, viz., specimen 2, 1-42 ft./min. for 42 min. instead of 1-55 ft./min. for 36 min. 
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(a) Carburized 119 hr. at 1000°¢ 
b) Carburized 216 hr. at 925°¢ 
(ec) Carburized 118 hr. at 1000°C. (75 hr. active, 43 hr. soaking) 


(d) Carburized 98 hr. at 1000°C. (27 hr. active, 70-5 hr. soaking) 


Fig. 18—Sections of billets of STA steel 
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Fig. 19—Microsections of alloy-steel gears carburized at 925°C. (see Table V) 
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Fig. 20—Gears carburized in town gas (P) at 925°C. (see Table V) 


(Figs. 19 and 20 are reproduced by courtesy of Messrs. David Brown, Ltd.) 
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LAIDLER AND TAYLOR: STUDY 
rates of gas flow in relation to the amount of work 
which could be placed in a commercial retort. 

Semi-works scale trials were carried out at the 
works of Messrs. Wild-Barfield, Ltd., who co-operated 
most wholeheartedly in the work. Development 
work of this type, being more concerned with details, 
is not of such general interest and therefore only the 
main outlines of the programme are given in the 
following account. 


Experimental Procedure 

The experimental arrangement was as follows. 
Town gas from the main was passed by way of a 
small compressor through a purifying train to remove 
oxygen, CO,, and water vapour, and was then metered 
and passed through the retort. The design of a 
suitable purifying train was the most difficult problem, 
particularly the removal of CO,. Most of the experi- 
ments were carried out using a caustic soda scrubber, 
which was far from satisfactory. A barium com- 
pound catalyst, described in the Appendix, was later 
developed and was most satisfactory, removing 
oxygen completely and CO, to 0-3-0-7%. It was 
then possible to dispense with the nickel subsulphide 
catalyst and to use only the barium compound 
catalyst, followed by an alumina gel drying unit. 

The carburizing retort (see Fig. 21) was of nickel— 
chromium alloy, 14 in. dia. and 30 in. high, and fitted 
with a gas-tight, bolted, insulated lid. The work 
was loaded in a nickel-chromium container, which 
had a perforated bottom and hood, as shown in 
Fig. 21. A variable-speed fan, just above the hood, 
circulated the gas, as indicated by the arrows. 
Usually, gas was fed into the bottom of the retort 
and withdrawn from the top, but the flow could be 
reversed. Both inlet and outlet tubes were fitted 
with gas-sampling cocks and there was a tube for a 
thermocouple down through the lid into the annulus 
between the container and the retort. Flexible gas 
and electric connections were fitted, and the whole 
retort could be raised or lowered into the electric 
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Fig. 21—Experimental works scale carburizing retort 


furnace, the temperature of which was thermo- 
statically controlled. 

The usual procedure was to load the container with 
the work to be carburized and to bolt on the retort 
lid. The retort was connected with the gas supply 
and purged with the ‘ purified ’ coal gas. Meanwhile 
the furnace was heating up and when the temperatur 
was some 20-30° C. above the desired value, the fan 
in the top of the retort was started and the retort 
was placed in position in the furnace. While the 
temperature of the retort was rising, the flow of gas 
through the retort was kept as low as possible. When 
the retort reached the working temperature, which 
took 1-2 hr., depending on the charge, the gas flow 
was increased, and this was considered to be the 









































Table V 
RESULTS OF GEAR CARBURIZATION EXPERIMENTS 
Case Depth, in. 
Rate of 
Specimen Steel Penetration, Type of Case 

poe ane spe, in./,/hr. 
1 S65 0-020 0-019 Hyper-eutectoid* 
z S65 0-021 aes 0-020 Even, eutectoid 
3 S65 0-019 0-025 0-018 Uneven, eutectoid—hypo-eutectoid+ 
4 S65 0-018 0-020 0-022 Fairly even, eutectoid 
5 1B 0-071 0-043 0-028 Even, eutectoid 
6 1B 0-034 vas 0-031 Even, eutectoid 
8 1B saa 0-025 iia ee 
9 1D 0-061 vas 0-028 Fairly even, eutectoid, free cementite at 

corners of teeth 

10 1B 0-099 0-031 Even, hyper-eutectoid 
11 1B 0-081 aa 0-031 Even, eutectoid 
12 1B ice 0-050 “Pe 
13 1E 0-087 ire 0-027 Even, eutectoid 
14 1E 0-088 0-060 0-024 Even, hyper-eutectoid 
15 S90 o ne re vas 
16 S90 0-047 0-035 0-020 Even, eutectoid 

* Hyper-eutectoid due to gas inleakage during soaking period. 

+ Gas flow much below desired conditions, see Table IV. 

MAY, 1950 JOURNAL OF THE IRON AND STEEL INSTITUTE 


o* 





3 


beginning of the carburization. The carburizing time 


for most of the experiments was 3 hr., at the end of 


which the retort was removed from the furnace and 
allowed to cool with a slow stream of gas passing 
through it. 

The change in composition of the carburizing gas, 
after it had passed through the retort, was estimated 
from routine inlet and outlet gas-density deter- 
minations. Gas analyses showed that the changes 
were a reduction in methane and unsaturated hydro- 
carbons and a rise in CO,. The last two were small 
and nearly constant at 1-5 and 0-6%, respectively. 
Assuming these to be constant, curves were con- 
structed (Fig. 22), relating change in gas density to 
decrease in methane content. Periodic check analyses 
showed that the density method was a fairly accurate 
guide. A typical analysis of the raw coal gas used 
was as follows : 


°o ° 
10 /0 


co, 3-0 CH, 24-0 
O, 0-4 H, 44.5 
OF. 3-0 Nz 12-1 
CO 13-0 


The provision of clean steel scrap to make up the 
charges was difficult since the normal charge was 
more than 1 cwt. Because of this the same scrap 
was used for several runs, together with strips of 
mild-steel sheet to give a certain uncarburized surface 
area. In all cases a number of test specimens of 
mild steel (0-07% C) were disposed throughout the 
charge ; these were weighed before and after carburiza- 
tion and in most cases the case depth was measured 
on the microsection, although the increase in weight 
was the chief criterion of the amount of carburization. 

The early experiments were chiefly exploratory, and 
only the test samples were suspended in the container. 
There was considerable methane decomposition in 
the retort and some sooting on the walls of the con- 
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tainer and retort, but this decreased rapidly and was 
possibly due to the retort and container being newly 
cleaned by burning-out. The maximum increase in 
weight of cylindrical standard specimens, 4 x } in. 
dia., was found from these early runs to be 0-225 g., 
which is rather low ; the corresponding increase in the 
laboratory experiments was 0:26 g. As the speci- 
mens carburized in the retort showed a pronounced 
coating of powdery graphite, there was no question 
of carburization being less than maximum, and it 
was concluded that the smaller increase in weight 
must be due to the temperature inside the container 
being less than that near the retort wall where the 
thermocouple was situated. It was estimated that 
the true temperature of the specimens must be 910- 


915° C., rather than the recorded temperature of 
925°C. The observed increase in weight of one of 


the standard specimens for a 3-hr. carburization, 


Table VI 
EFFECT OF FAN SPEED 


Time 3 hr., temperature 910-915° C. Charge 3-0 cwt., carburized scrap and mild-steel strips, 3 sq. ft. surface area. 


























H, v rt. : Average Case Depth, in. 
Expt. Gas Flow, —— Destroyed, i inl Efficiency, 
oe. gee “o . P.C P P.Fe Total 

49 5-7 520 14-3 0-186 83 fea 0-012 0-014 0-026 
42 10 520 9-0 0-180 80 0-008 0-009 0-013 0-030 
32 13-5 520 4.0 0-203 90 0-009 0-010 0-011 0-031 
36 17 520 5-2 0.225 100 0-008 0-011 0-014 0-033 
39 17-5 520 5-0 0.224 100 0-010 0-013 0-013 0-033 
43 6-5 810 12-5 0-189 84 ee 0-015 0-015 0-030 
48 9 810 11-7 0-200 89 os 0-012 0-016 0-028 
30 12-7 810 3-7 0-196 87 0-008 0-013 0-012 0-023 
38 19 810 3-2 0-230 100 0-010 0-010 0-012 0-032 
29 20-3 810 1-0 0-215 96 0-008 0-010 0-013 0-031 
47 3-3 1060 14.0 0-158 71 es 0-010 0-013 0-023 
37 8-5 1060 9.2 0-218 97 sey 0-016 0-017 0-033 
34 14 1060 4-0 0-235 100 0-008 0-011 0-014 0-033 
46 3-3 1330 15-3 0-150 67 oe 0-010 0-013 0-023 
45 6-2 1330 12-2 0-180 80 ie 0-012 0-014 0-026 
35 8-5 1330 5-8 0-215 96 0-008 0-001 0-014 0-033 
31 14 1330 4-0 0-218 97 0-008 0-011 0-012 0-31 
40* 5-9 520 4.2 0-171 76 iis 0-013 0-013 0-026 
41} 17.2 1330 3-5 0-200-0-177 89-79 0-009 0-009 0-011 0-029 
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* Charge consisted of new scrap only. Surface area 3 sq. ft. 
+ Charge consisted of new scrap only. Surface area 10 sq. ft. 
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LAIDLER AND TAYLOR : STUDY 
expressed as a percentage of the maximum increase, 
()-225 g., was taken as a measure of the efficiency. 

Miscellaneous experiments, made first to try out 
the experimental conditions, showed that, using 
purified coal gas, only a thin film of graphitic soot 
was deposited on the work and the walls of the retort. 
But, as in the laboratory experiments, if the coal gas 
was not sufficiently purified, much heavier scaly 
carbon deposits were formed. 


Effect of Gas Flow 

Experiments were carried out to show the effect of 
varying the fan speed on the volume flow necessary 
to give maximum carburization. The charge for these 
experiments was in each case approximately ? ewt. 
of carburized bar scrap for bulk, and strips of mild- 
steel sheeting with a surface area of 3 sq. ft. The 
results are summarized in Table VI. 

Although the genera! trend of these results is clear, 
there are inconsistencies which must be largely 
attributed to (a) the necessity of using previously 
carburized bar scrap for bulk, and (6) the fact that 
the linear gas velocity over the work will vary with 
the resistance to gas flow, due to the packing of the 
charge, as well as with the fan speed. Regarding the 
effect of carburized bar scrap, whilst it is true that 
the carbon absorbed by such previously carburized 
material is small, the alternate carburization and 
exposure to air increases the activity of the surface 
so that the rate of graphite deposition on the surface 
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(Table VI), in which only new scrap was charged, 
are compared with others in the same table. 
Allowing for these uncertainties, the results indicate 
a definite improvement with increasing fan speed up 
to 1060 r.p.m., but little effect from the increase to 
1330 r.p.m. For the given conditions, the net gas 
flows required to give maximum carburization were 
approximately 17, 15, 10, and 10 cu. ft./hr. at fan 
speeds of 520, 810, 1060, and 1330 r.p.m., respectively. 
Experiments were carried out with the work packed 
direct in the retort, 7.e., no inside container was used. 
The cross-sectional area of the retort is about double 
that of the container, and the charge was increased to 
about 2 cwt. of previously used bar, and the surface 
area of new scrap to 5 sq. ft. In three experiments 
the fan was not used and in three the flow of gas was 
down through the retort and the fan was used to impart 
turbulence. The results are shown in Table VII. 
In the experiments without the fan, carburization 
varied considerably and even at a flow of 32 cu. ft./hr. 
the most favourably placed specimen showed only 
80% of the maximum carbon absorption. With 
turbulent flow induced by the fan, more even results 
were obtained and, as the figures for the methane 
decomposition show, the gas was more fully utilized. 
Comparison of experiments 54 and 55 indicates that 
the higher fan speed tends to give the more even 
results. At the highest fan speed maximum car- 
burization was obtained at a gas flow of 20 cu. ft./hr.. 
which compares with a gas flow of 10 cu. ft./hr. when 






























































gradually increases. This is clear if the methane using the smaller container and a charge weight 
decomposition values for experiments 40 and 41 approximately half the above. 
Table VII 
CARBURIZATION DIRECT IN THE RETORT 
Time 3 hr., temperature 910 915°C. Charge 2 cwt. carburized scrap and mild-steel strips, surface area 5 sq. ft. 
l 
Average CH, lee Wt. . : Average Case Depth, in. 
Expt. wee. Destroyed, | hoe tin Efficiency, Remarks 
cu. ft./hr. | 2. P.C | P | P.Fe Total 
| ra | 
18 32 | 3-7 0.202-0.118 100-80 0-010 | 0-010 | 0-007 | 0-027 | Straight flow 
| a 0-010 | 0-008 | 0-018 | 
52 20 | 5 0-220—0-120 100-55 | 0-007 | 0-016 0-023 Straight flow 
53 26-5 | 4-5 0 -211-0-138 94-61 a | 0-011 | 0-017 0-028 | Straight flow 
19 30 | 2:5 0.155 100 0.008 0-011 | 0-009 | 0-028 Turbulent flow, fan 
| | speed 925 r.p.m. 
54 25 | 7-4 0-207 92 0-019 | 0-014 0-033 | Turbulent flow, fan 
| | speed 810 r.p.m. 
55 20 | 7-8 0.225 100 0-008 | 0-012 | 0-012 | 0-032 | Turbulent flow, fan 
| | speed 1330 r.p.m. 
} | 
Table VIII 
CARBURIZATION IN COAL GAS ENRICHED WITH PROPANE 
Time 3 hr., temperature 910-915 C. Charge } cwt. carburized scrap and new scrap, surface area 3 sq. ft. Gas flow 12 cu. ft./hr. 
} ; | Average Case Depth, in. 
Expt. Gas SS “. | . 
| P.C P | P.Fe | Total 
! | 
{ 
50 ‘Raw ’ coal gas - 5°, propane 0-130—0-077 58-34 | 0-010 | 0.012 0-02, uneven 
; 0-00, | 0-01, 0-02, 
51 Dried ‘ raw’ gas -- 5% propane 0-133—-0-103 59-45 | 0-00, | 0-01, 0-02, uneven 
eee | eee | eee 
52 ‘ Purified ’ gas —-- 5°, propane 0-211-0-198 94-88 | | | 
| 
MAY, 1950 JOURNAL OF THE IRON AND STEEL INSTITUTE 





38 LAIDLER AND TAYLOR: STUDY OF THE CARBURIZATION PROCESS 


Use of Propane 

Three experiments were made with coal gas en- 
riched with commercial propane. The results, shown 
in Table VIII, were poor, and the series was dis- 
continued. The experiments were made in the small 
container and at a fan speed of 810 r.p.m. ; they can 
be compared, therefore, with those in Table VI at 
the same fan speed. As can be seen from the tables, 
carburization results were poorer, and as there was 
considerable sooting with the propane mixtures, no 
useful purpose is served by the addition of propane. 

These trials clearly showed that the results of the 
laboratory investigation could be reproduced in 
practice with commercial equipment. 
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APPENDIX 


NOTE ON THE REDUCTION OF TRE CARBON 
DIOXIDE CONTENT OF TOWN GAS 


When it was found that removal of CO, by absorp- 
tion, on the scale contemplated, was unsatisfactory. 


a 
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attention was turned to the possibility of reducing 
it to CO by reaction with either the methane or the 
unsaturated hydrocarbons present in coal gas. The 
difficulty was that, at the temperature necessary to 
effect the reduction of CO,, pyrolysis of methane also 
took place. 

After several attempts it was found that low-ash 
retort carbon, used as a contact catalyst, brought 
about little cleavage of the methane, but the rate of 
reduction of the CO, was low and erratic. Further 
experiments showed that if the retort carbon was 
coated with baryta, the rate of reduction of the CO, 
was accelerated, with little or no pyrolysis of methane. 
The baryta was efficient down to 825° C., compared 
with 950° C. using retort carbon alone. 

Several long runs were made with this catalyst, 
prepared by taking 40 g. of the carbon, graded 
between 0 -025-0-125 in., and evaporating down with 
a slurry of 10 g. of barium carbonate in water (to 
which water-soluble glue could also be added). The 
catalyst so prepared occupied about 150 c.c.—suffi- 
cient if packed into a silica tube 2 cm. in internal dia. 
to make a zone about 15 em. long. Town gas was 
passed through the heated catalyst and then metered. 
The efficiency of the reduction of the CO, was checked 
by frequent analysis of the exit gas for oxygen and 
CO,, supplemented by occasional ‘ complete ’ analyses. 
The town gas at this time had the composition : 


oO 


co, 2.6 CH, 24-7 
O, 0-58 H, 48-3 
C,H, 2-6 N, 12-3 


After 1500-2000 litres of gas had passed over the 
catalyst, its activity was much reduced. The ‘spent * 
catalyst contained barium sulphide, formed by 
reaction with the sulphur compounds present in the 
gas, and this was probably responsible for the poison- 
ing of the catalyst. The catalyst could be reactivated 
by steam and CO, at 700-800° C., but not by steam 
alone ; a stream of air at 15-20 litres/hr. for 1 hr. 
at 950-1000° C. was even more effective. After the 
first two or three reactivations the catalyst was as 
efficient as when freshly prepared, but a slight 
decrease in activity occurred after further reactivation. 

Experiments with barium compounds, alone and 
with supports other than retort carbon, showed that 
the barium compound was the active catalyst. It 
acted more efficiently when spread on a support, but 
this was presumably due to the greater surface 
exposed. Barium sulphate was also an excellent 
catalyst, but the phosphate, like the sulphide, was not. 

The catalyst support must be refractory and must 
not promote methane pyrolysis. Metallurgical coke 
and active charcoal were both unsuitable, the former 
possibly because of its iron content. Initially, with 
the active charcoal support, methane pyrolysis was 
high, but later dropped to negligible proportions. 
Pure silica and alundum cement were-also satisfactory 
as supporting materials. 

Analyses of the gas for sulphur, before and after 
passing through the catalyst tube, were made by a 
modification of the standard method for the deter- 
mination of sulphur in motor benzol. Sulphur present 
in the exit gas, at flows of 50-90 litres/hr., was 1-4— 
1-7 grains/100 cu. ft., compared with 6-9 grains 


MAY, 1950 








LOO 
calle 
cont 
from 
react 
effec 
bari 
whic 
func’ 

Tl 
prob 
unsa 
sug 
“uns 
meth 
conte 
theti 
confi 
meth 
of th: 
the ¢ 
but 1 
are | 
poun 


His’ 


T is 
we 
fif 

appli 
(dies) 
cut, 

The k 
layer 
patte! 

The 

predo 
gradu 
single 
into v 
The 
and i 


Mar 
Dr. 
and St 


.Th 
are pr 
Sussex 
In res 
this cc 
the wo 

2 Br 
Casting 
ment ¢ 
were ti 
the six 
reserve 


MAY, | 








SCHUBERT: HISTORICAL NOTE NO. 21 39 


100 cu. ft. in the inlet gas. This latter is the so- 
called ‘residual’ sulphur ; the sulphuretted hydrogen 
content is, of course, nil. This removal of sulphur 
from the gas continued after catalysis of the CO, 
reaction had ceased. In fact, the catalyst was 
effectively poisoned when only about 25% of the 
barium carbonate had been converted to sulphide, 
which indicates that the catalytic activity is a 
function of the physical nature of the carbonate. 
The reduction in the content of oxygen and CO, 
probably takes place through their reaction with the 
unsaturated hydrocarbons in the gas. This was 
suggested by the fact that whilst the percentage of 
‘unsaturateds ’ decreased during the reaction, the 
methane content was unchanged and the hydrogen 
content increased slightly. Experiments with syn- 
thetic mixtures of CO, hydrogen, methane, and CO, 
confirmed this view. Although CO, reacted with the 
methane, the reaction rate was only about one-tenth 
of that when * unsaturateds ’ were present. Evidently 
the CO, reacts preferentially with the ‘ unsaturateds,’ 
but reaction with methane occurs if * unsaturateds ’ 
are not present. The possibility of adding com- 
pounds to the carburizing gas which would react 


with the CO, and oxygen similarly to the ‘un- 
saturated ’ compounds, was investigated. Benzene, 
commercial propane, and acetylene only were tried, 
but in each case the result was negative. 

The influence of other alkaline earth and alkali 


compounds on this reaction was investigated. These 
included calcium, strontium, magnesium, sodium, 


and potassium carbonates, and a mixture of potassium 
and barium carbonates. All catalysed the reaction 
to some extent and the activity varied with tempera- 
ture in a manner similar to that observed with the 
barium compound. They also exhibited a similar 
inertness towards pyrolysis of methane. However, 
none was so active as the baryta, magnesium carbo- 
nate being the least active and the alkali carbonates 
the most active, but still inferior to the barium 
compounds. 

As already stated, a larger catalyst unit was used 
in pretreating town gas for the semi-works scale 
experiments ; in conjunction with a silica gel de- 
hydrator this gave excellent results. A satisfactory 
solution of the problem of pretreating town gas to 
make it suitable for carburization was thus 
obtained. 


gas 





Historica Note No. 21 


A Rare Group of Wealden Firebacks 


By Dr. H. 


r is generally accepted that ornamental firebacks 
were first cast in England at the close of the 
fifteenth century.! At first a simple method was 

applied ; separate objects or small movable stamps 
(dies) of wood, into which the design selected was 
cut, were pressed into the sand before casting. 
The bed of sand was well compressed and rested on a 
layer of cinders. Figure 1 shows a mould with 
pattern stamps in place.? 

The application of separate movable stamps 
predominates in the sixteenth century, but it was 
gradually superseded by a new method in which the 
single stamps were replaced by a one-piece model 
into which all the artistic designs required were cut. 
The new method began in England in about 1548 
and is characterized by a prevalence of armorial 





Manuscript received 4th July, 1949. 
Dr. Schubert is Historical Investigator to The Iron 
and Steel Institute. 


1 The most ancient of English cast-iron firebacks 
are preserved at Anne of Cleves’ House at Lewes, in 
Sussex, in John Every’s collection (about 150 backs). 
In respect of antiquity and variety of artistic design 
this collection is, in the author’s opinion, the best in 
the world, but it is hardly known. 

* Bruce L. Simpson, ‘‘ Development of the Metal 
Castings Industry,’’ p. 131. Chicago, 1948. The state- 
ment on pp. 130-131 that ‘‘ iron castings for firebacks 
were turned out by the hundreds of thousands early in 
the sixteenth century” has to be taken with the greatest 
reserve ; ‘‘ by thousands ’’ would be more probable. 
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bearings similar to contemporary cast-iron firebacks 
in France, from where the new method was probably 
introduced.® 

An interesting transition from the first to the 
second method is evident in a small group of three 
Wealden firebacks, two of which are dated 1589. 
Figure 2 shows a fireback, now at the Carnegie Insti- 
tute, at Pittsburg, Pennsylvania, U.S.A., which 
came from the Old Anchor Inn at Hartfield, in 
Sussex, where it had been for centuries.4 Figure 3 
is a fireback preserved in the Museum at Dartford, 
in Kent; this fireback was formerly at Sevenoaks, 

3 The earliest English fireback cast from a one-piece 
model is at Ockwells, in Berkshire, and is illustrated by 
A. Shuffrey, ‘“‘ The English Fireplace,’ plate VI, facing 
p. 82. London, 1912. 

4 Sussex Archaeological Collections, 1919, vol. 60, p. 
146. The author is greatly indebted to the Carnegie 


9 


Institute for supplying the photograph for Fig 2. 





A—Pattern dies in place 
B—Runner from main reservoir of metal 


Fig. 1—Mould with removable patterns 
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in Kent.° A fireback now at Penshurst Castle, 
in Kent, is shown in Fig. 4. 

The three firebacks illustrated in Figs. 2 to 4 are 
a little more than one inch thick: they have in 
common the top semicircle of eight straight sides 
produced by short lengths of moulding. The Tudor 
arms (lions and fleur de lis) within the Garter are 
from a one-piece model. The triple-arched crown, 
surmounted by a cross, and also the date in Figs. 2 
and 3, and the two badges of staples crossed, in Fig. 
4, are from separate stamps. 


5 Mr. S. Priest, Curator of the Museum at Dartford, 
kindly supplied the photograph for Fig. 3. 
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The places of original preservation suggest that the 
firebacks were made at one of the sixteenth-century 
foundries in the northern part of the Weald of Kent 
and Sussex, perhaps at Thomas Browne’s foundry 
at Chiddingstone, in Kent.® 





Fig. 4 


6 See Journal of The Tron and Steel Institute, 1948, 
vol. 160. Nov., p. 245. 


Historica Note No. 22 


An Iron Chain of 1252 
By Dr. H. R. Schubert 


ISTORICAL notes on chains and chain-making have 
been compiled by P. Jump; however, the evi- 
dence he produces leaves a large gap between 

the first century A.D. and 1216, and another between 
the latter date and 1320.1 New evidence to bridge 
the gap between the last two dates is furnished by the 
Liberate Roll of 1252/53.* 

The Roll reports as follows. A white polar bear 
was sent from Norway to King Henry ITI and kept 
in the Tower of London. The King ordered that the 
warder of the bear should be supplied with an iron 
chain (wnam cathenam ferream) as a lead for the bear 
when on land, and with a long and strong rope for 
when it went fishing in the water of the Themse River. 

As the order to supply the iron chain was addressed 
to the sheriffs of London, it may safely be assumed 
that the chain was of English making. 





Manuscript received 28th December, 1949. 


Pp. Jump, ‘“ Chains Throughout the Ages,” 7Jike 
Staffordshire Iron and Steel Institute Proceedings, Session 
1928-29, vol. XLIV, p. 10. 

2 Public Record Office, C 62 (Liberate Rolls) No. 29. 
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First Report of the Ingot Surface Defects 
Sub-Committee 


SYNOPSIS 


The report deals with the occurrence of the principal types of ingot surface defect—cracks, blow-holes, 


and shelliness—in the three main classes of steel, killed, balanced, and effervescing. 


In Part |, after defining 


the types of steel, the various defects are considered separately, attention being directed both to the causes 


of the defects and to means of control. 


From this discussion a number of conclusions are drawn, due reference 


being made to the detailed supporting evidence given in Part Il, and it has been possible to make a number of 


definite recommendations. 


The principal factors affecting cracking, apart from the obvious one of the prevention of contraction due 
to restriction by mould or head, were found to be steel composition, teeming temperatures and speeds, and 


sulphur contents. 


The state of oxidation of the metal was known to be the chief factor controlling the 


formation and distribution of blow-holes; the effects of some other factors are discussed, but present 
knowledge is insufficient in the case of balanced steels to control blow-hole depth at all closely. 

Shelliness was related chiefly to the control of teeming, especially in the initial stages, and in effervescing 
steels to conditions in the metal which may allow a sudden fall of the surface level during teeming. The use 


of mould dressings is discussed. 


It is pointed out that works conditions vary so much that conclusions applicable in one instance may not 
be acceptable in another, and that constant experiment and trial on a wide scale is necessary on certain aspects 
of the problem before conclusions that are generally acceptable can be reached. 


A number of lines of future work are proposed. 


Part Il describes the large number of individual works experiments on which the discussion in Part 


is based. 


Introduction 

The Ingot Surface Defects Sub-Committee 
HE Ingot Surface Defects Sub-Committee was 
formed to study the problem of defects on or 
just below the ingot surface, and the effect of such 
defects on the quality of the semi-finished and 
finished product. The present constitution of the 
Sub-Committee, including associate members, is as 

follows : 
Mr. N. H. Bacon 


(Chairman) 
Dr. D. BINNIE 


Steel, Peech and Tozer 


Lancashire Steel Corporation, 
Ltd. 


Mr. A. FISHER Colvilles, Ltd. 


Dr. E. GREGORY Edgar Allen and Co., Ltd. 
Mr. H. O. Howson Wi. Jessop and Sons, Ltd. 
Dr. P. M. MACNATR Richard Thomas and Bald- 


wins, Ltd. 
Hadfields, Ltd. 
Appleby-Frodingham 
Co. 
John Summers and Sons. Ltd. 
Steel, Peech and Tozer 
Steel Company of Wales, Ltd. 
Cargo Fleet Iron Co., Ltd. 
Dorman, Long and Co., Td. 


R. Rar 
REEVE 


Dr. J. 
Dr. L. Steel 
Mr. F. L. ROBERTSON 
Mr. A. G. SNAPE 

Mr. N. L. ‘TOMLINSON 
Mr. P. WALKER 

Mr. J. H. Wricnur 


MAY, 


1950 4] 


Original members who have retired from member- 
ship are : 


Mr. R. N. DuNCAN Colvilles, Ltd. (formerly with 
Wm. Beardmore and Co., 
Ltd.) 


Dorman. Long and Co., Ltd. 

formerly with Consett Tron 
Co., Ltd. 

John Lysaght, Ltd. 


Mr. W. W. STEVENSON 
Dr. J. H. WHITELEY 


Mr. C. S. GRAHAM 
(deceased) 


Ingot Surface Defects 

Throughout this report. the term * surface defects ’ 
is used to cover all defects on the ingot surface, 
together with such sub-surface defects as may affect 
the surface of the product. 

As was expected, the problem has proved to be 
extremely involved, and after much study and 
numerous tests and field trials the Sub-Committee 
has come to the conclusion that if any substantial 





Paper SM/BD 52/49 of the Ingot Surface Defects Sub- 
Committee of the Ingots Committee of the Steelmaking 
Division of the British Iron and Steel Research Associa- 
tion. received 20th September, 1949. 
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progress is to be made a much wider exchange of 
information will be necessary, and experiment and 
field trials will be required on a greatly extended scale, 

The best way to achieve this end was thought to be 
by setting down an account of the work so far done, 
the conclusions—some only tentative—so far reached, 
and the line of attack which the Sub-Committee feels 
will be most likely to throw fresh light on the various 
problems involved. 

A brief review of the various aspects of the problem 
may help to make it clear why more definite results 
have not so far been achieved and why participation 
in the work by more investigators is so desirable. 

-art Lis a general review of the problem, and Part IT 
contains the supporting evidence which backs up 
some of the conclusions reached in Part I. 

The Sub-Committee is grateful for permission to 
include in Part II a number of items of evidence 
obtained from work not sponsored by the Sub- 
Committee. 

The ingot surface defects most prevalent are (1) 
cracks, (2) blow-holes (on or very near the surface), 
and (3) shelliness. Each is considered separately. 


Types of Steel Investigated 

The various types of steel—balanced, fully killed, 
and effervescing—are dealt with separately under 
those heads. To prevent misunderstanding in the 
use of these terms, they are defined as follows : 

Balanced Steel (Semi-Killed)—A balanced steel is 
one in which no observable gas evolution takes place, 
but in which sufficient gas is formed during solidifi- 
cation to balance or offset the normal shrinkage of 
the solidifying metal ; numerous blow-holes are. pro- 
duced and so the central shrinkage cavity or pipe is 
prevented or considerably reduced in extent. 

Balanced steels are only partially deoxidized and 
small additions of aluminium are made in the moulds, 
if necessary, to reduce the oxygen content to that 
amount which will give an ingot with a flat or slightly 
bulging top. 

Killed Steel (Fully Killed or Solid Steel)—A fully 
killed steel is one in which no gases are produced 
during solidification, and a central shrinkage cavity 
or pipe is formed in the upper portion of the ingot 
or in the feeder head generally used with such ingots. 

Effervescing Steel (Rising, Rimming, Capped, or 
Cooler-Plated)—An effervescing steel is one in which 
a rapid gas evolution occurs in the early stages of 
solidification, the outer layers of the ingots being 
relatively pure and usually containing a well-defined 
system of parallel blow-holes ; the interior of the 
ingots is relatively impure and contains scattered 
blow-holes. Pipe or shrinkage cavity is very slight 
or is absent altogether. 

Effervescing steels are described as rising, rimming, 
capped, or cooler-plated, according to the state of 
oxidation of the steel and to the extent to which the 
effervescing action is allowed to proceed. 


Part I—REVIEW OF THE PROBLEM 
CRACKS 

The ingot cracks considered are major cracks 

resulting from rupture of the ingot skin during 
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solidification of the steel in the ingot mould. The 
numerous small cracks which sometimes occur during 
cogging, owing to exposure of subcutaneous blow- 
holes or the rupturing of a very thin skin, are of an 
entirely different origin and are dealt with separately 
(see p. 44). 

Major cracks (7.e., cracks other than the numerous 
small ones) often become apparent only when the 
ingot has had a few passes in the cogging mill, and 
this has led to the belief, still held by some steel- 
makers, that poor heating or heavy rolling reductions 
give rise to these cracks. 

The Sub-Committee is of the opinion that plain carbon 
steel ingots that are free from cracks cannot be cracked 
during the cogging operation within normal limits of 
rolling temperatures and rolling reductions. This con- 
clusion is based upon the results of many trials where 
ingots have been allowed to cool, and all the cracks 
have been removed with a deseaming torch ; no cracks 
have occurred in such ingots on subsequent rolling, 
whereas companion ingots from the same cast, rolled 
without such preliminary dressing, disclosed cracks 
on rolling. The results of one such trial are given 
on p. 49. 

The Sub-Committee is hopeful that those who do 
not share this view will contribute their own views 
and the results of any trials they have made, for little 
improvement is to be expected where the steelmaker 
is sceptical as to his own responsibility in the matter. 

It is not intended to imply that temperatures and 
rolling reductions are of little moment ; low tempera- 
tures and heavy reductions will worsen any cracks 
present in the ingot. Correct heating and rolling 
are of the first importance in producing rolled products 
free from defects. 


Cracks in Balanced Steel Ingots 

A very large proportion of steel is purposely not. 
fully killed, so that some gas will be generated in the 
metal during solidification, resulting in gas holes in 
the ingot and so reducing the magnitude of the pipe 
cavity. General experience indicates that such 
balanced ingots have a much smaller shrinkage cavity 
or pipe than fully killed ingots and are less prone to 
crack. 

This latter fact is most evident if the comparison 
is made within 0-150) -25%, of carbon, in which range 
plain carbon steel ingots are most susceptible to 
cracking. Indeed, it is probably correct to say that, 
other things being equal, e.g., temperature and teeming 
speed, the cracking tendency is reduced as the total 
volume of blow-holes in the ingot increases. It is 
also general experience that the degree to which 
cracking can be controlled in balanced or semi-killed 
steels, by increasing the volume of blow-holes, is 
strictly limited by the necessity for avoiding too large 
a gas reaction within the solidifying metal, since this 
results in blow-holes so near the skin and so large 
that defects such as seamy surfaces and broken and 
shelly corners, may be formed to a serious extent in 
the rolled steel. 


Degree of Deoxidation 
The amount of deoxidizers (silicon, manganese, and 
aluminium) required to give a correctly balanced ingot 
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varies with the method of steelmaking, 7.e., whether 
hot-metal open-hearth, cold-metal open-hearth, or 
Bessemer. For example, 0-18-0-20% carbon steel 
with 0-5-0-8% of manganese might require a silicon 
content of, say, 0-06%, 0-08%, or 0-10%, respec- 
tively, in order to attain a similar degree of deoxida- 
tion in each case. Apart from these broad shop-to- 
shop differences, there are variations from cast to 
cast within one shop, so that it is desirable to have some 
means of finally adjusting the degree of deoxidation 
during the teeming of the ingots. If ferro-silicon is 
added to the ladle in a quantity sufficient to give a 
balanced ingot on the general run of casts, any cast 
tapped in a more oxidized condition than the average 
can be dealt with by the addition of aluminium during 
the teeming operation. If, on the other hand, the 
steel is tapped in a less oxidized condition than usual, 
the ingots will be too heavily piped and more prone 
to crack. The addition of iron oxide (powdered ore 
or mill scale) has been suggested as a remedy, but it 
is not in use anywhere so far as the Sub-Committee 
is aware. One method of overcoming this difficulty, 
which gives good results, is to use less ferro-silicon 
than the average cast requires, so that a mould 
addition of about 1 oz. of aluminium per ton is 
normally required ; this provides a means of adjust- 
ment in the case of casts tapped in a less oxidized 
condition than usual, the aluminium addition being 
reduced or omitted. The attainment of good control 
of the ingot structure, so that variations between casts. 
and also between ingots within a cast, are reduced 
to a minimum, appears to be the first step towards 
reducing the incidence of cracking. 


Tapping Temperature 

The tapping temperature for balanced steels should 
not be above the minimum required to ensure satisfactory 
teeming conditions and a ladle free or almost free 
from skull. The Sub-Committee strongly recommends 
the regular use of the immersion pyrometer on all 
casts, so that once the desired tapping temperature 
has been determined for any particular quality of 
steel, every effort can be made to tap further casts 
within, say, + 5° of this optimum temperature. 

The optimum tapping temperature for any given 
quality will vary a little from shop to shop, depending 
upon the temperature and capacity of the ladle, 
whether or not a slag covering is carried, and the 
time taken to empty the ladle (single or double 
stoppers) (see p. 54). 


Teeming Speeds 

Whilst it is no doubt true that ingot cracking can 
be overcome entirely if the mould is filled sufficiently 
slowly, several factors make it impracticable to attain 
freedom from cracking by this means alone. For 
example, (a) the ladle must be emptied in a reasonable 
space of time, and (b) very slow teeming increases the 
tendency for double skin formation (the more slowly 
the metal rises in the mould after the preliminary 
gentle opening out to form a pool, the less will any 
shell which may have formed on the mould walls be 
engulfed by the advancing column of metal). 

Too slow teeming of balanced steel, particularly by 
bottom-pouring, also favours the formation of gas 
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holes in the ingot skin which subsequently result 
in seaminess and broken corners when the ingot is 
rolled. These considerations rule out the possibility 
of overcoming cracking simply by the adoption of 
a very slow teeming speed, although the slowest 
teeming speed practicable within these limitations 
is desirable. ‘Twin nozzles and stoppers permit the 
use of a smaller nozzle size than would otherwise be 
practicable, at the same time ensuring that the ladle 
is emptied within a reasonable period. 
Effect of Mould Temperature 

Steel cast into hot moulds is more likely to crack 
than if cold or warm moulds are used, and the life ot 
the moulds will be shortened. For both these reasons, 
therefore, the use of moulds at temperatures abov 
100° C. is undesirable. 


Mould Dressings 

{vidence is available that the use of tar or lacquet 
as a mould dressing increases the cracking tendency 
of balanced steels (see p. 62). On the other hand, 
careful dressing of the bottom third of the mould 
reduces the degree of double skin or curtaining arising 
from the splash and surge as the first metal enters 
the mould. Since cracking is often associated with 
this double skin, any means of reducing it appears to 
be desirable. 
Double Skin or Curtaining 

Since ingot cracks are frequently associated with 
the double skin resulting from the splash and surge 
of the first metal entering the mould, it is desirable 
to reduce this type of teeming fault to a minimum 
No one particular method can be recommended, the 
ingot size largely determining the practice to be 
adopted. If the ingot is large enough, say, 24 in. sq 
or more, a splash-well in the bottom plate or a splash-can 
on the bottom plate is recommended. If the ladle nozzle 
is in good alignment and is carefully centred over the 
mould before opening out, the rapid formation of a 
pool of liquid metal will greatly reduce the splash and 
surge, and this, in turn, will result in a smaller number 
of cracked ingots. 

A pad of wood wool or steel wool on the mould bottom 
is sometimes very effective in reducing splash and surge. 
Tarring or lacquering of the bottom third of the 
mould is also practised, but great care is necessary if 
a satisfactory coating is to be obtained without surplus 
tar or lacquer forming a pool on the mould bottom. 
However, so much depends upon the skill of the 
teemer, the accurate setting of the nozzle and stopper. 
and the condition of the mechanism by which the 
stopper is controlled, that splash-wells, splash-cans, 
wood- or steel-wool pads, and tarred mould surfaces 
are simply desirable refinements (see also p. 59). 
Effect of Sulphur 

Much evidence has accumulated to show that the 
sulphur content of both balanced and killed steels is 
a factor of great importance, the cracking tendency 
increasing with the sulphur content (see p. 51). It 
follows that any steps which can be taken to lower 
the sulphur content will help to reduce the number 
of cracked ingots. In view of the adverse effect of 
sulphur, the Sub-Committee stresses the importance 
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(i) of employing every possible means of reducing 
the sulphur contents of the raw materials of steel- 
making, #.e., pig iron, scrap, fuel, lime, and fluorspar, 
and (ii) of further research into steelmaking methods 
for sulphur removal. 


Cracks in Fully Killed Steel Ingots 
Of the three main types of steel, effervescing, 
balanced, and fully killed, the last is the most 
susceptible to cracking and, as with balanced steel, 
all aspects of manufacture require careful attention. 


Tapping Temperature 
Close control by means of immersion pyrometry is 
recommended. 


Teeming Speed 

Close control to optimum rates which have been 
determined empirically is recommended. In fact, 
the necessity for careful control of teeming speed for 
killed steel frequently justifies the use of multiple- 
nozzle tundishes, bottom-pouring a number of ingots 
in a group, magnesite ring nozzles, and other special 
devices to reduce the teeming speed and to make it 
more uniform throughout the cast. With such 
methods, cracking of fully killed steel (with certain 
exceptions, such as the longitudinal cracking of alloy 
and of medium- and high-carbon steels) is more easily 
avoided than in the case of balanced steel, despite 
the greater susceptibility of the former (see p. 49). 


Mould Dressings 

The dressing of the mould working-face with tar, 
lacquer, or wax is recommended, for whilst of doubtful 
value for effervescing or balanced steel, such dressings 
are of great value for fully killed steel, since they 
permit of slower teeming than would otherwise be 
possible, which in turn is conducive to the production 
of ingots free from cracks. In addition, owing to 
the absence of any great agitation of the rising 
surface of the metal with slow filling of the moulds, 
such surface defects as skin holes and splashes are 
less likely to occur. 
Double Skin 

The same considerations apply as for balanced steel 
(see p. 43), except that the bottom-pouring and the 
tundishing methods often used for killed steels reduce 
the severity of double skin. 


Effect of Sulphur 


As with balanced steel. the lower the sulphur 

content the less is the cracking tendency (see p. 51). 
Cracks in Effervescing Steel Ingots 

Cracks of the type which occur in balanced and fully 
killed steel ingots are for all practical purposes non- 
existent in normal effervescing steel ingots, owing, it 
is thought, to the stress-relieving effect of the honey- 
comb system of subcutaneous blow-holes and to the 
higher purity of the skin. Indeed, effervescing steel is 
so resistant to cracking that even badly worn moulds can 
be used without any ill effects (see p. 65). 

A transverse crack sometimes appears in the upper 
portion of the ingot, the cause of which has not yet 
been determined. Such cracks, when they occur, are 
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usually at the level where the primary blow-holes 
cease. 
Corrugated or Fluted Moulds 

Corrugated or fluted moulds have generally been 
found to reduce the degree of ingot cracking in 8-, 
12-, and 16-sided moulds. Experience with corru- 
gated faces for square and rectangular moulds, 
however, has led to some difference of opinion. 
When first introduced, such moulds were generally 
found to be beneficial, but since immersion pyrometry 
has enabled a much greater degree of temperature 
control to be exercised, some firms report that corru- 
gations are no longer worth while. The subject is 
dealt with further on pp. 50-51. 


BLOW-HOLES 
Blow-Holes in Balanced or Semi-Killed Steel 


A correctly made ingot of balanced steel should 
freeze across the top surface almost immediately the 
mould has been filled. The frozen top should bulge 
during the period of solidification, owing to the 
pressure resulting from the late generation of gas 
within the ingot. 

If the top bulges very quickly after filling, or if 
metal breaks through copiously, it is proof that the 
steel has been insufficiently deoxidized, and such an 
ingot will be badly blown in the upper portion, the 
blow-holes being very near the surface. On heating 
the ingot, the blow-holes will become exposed to the 
atmosphere, owing to the skin of sound steel being too 
thin, and the rolled product will have very seamy 
surfaces and broken and shelly corners. It is no un- 
common occurrence for the top third or so of such 
an ingot to be scrapped at the bloom stage as being 
unfit for further rolling. 

If. on the other hand, the top of the ingot, after 
freezing over, contracts downwards during the sub- 
sequent period of solidification, it is proof that the 
steel has been over-deoxidized, and the ingot will be 
badly piped owing to an insufficient volume of gas 
holes. 

The margin for error in either direction is very 
small, and whether it is better to err on the overkilled 
or the underkilled side will depend to a great extent 
on the method of heating for rolling. If the ingots 
are to be heated from the cold, then the blow-holes 
must be deeper-seated than in the case of ingots 
which are to be hot-charged. For cold-charged ingots, 
therefore, it is best to err on the overkilled side. If the 
ingots are to be charged into the soakers immediately 
on solidification it is best to err on the underkilled side, 
since the ingots, being more blown, will have less pipe 
and, for the same reason, will be less prone to cracking, 
and the skin, while being thin, will generally be 
adequate for the shorter period of heating required 
for hot-charged ingots. 

The disposition of the blow-holes is not always 
satisfactory, even when, to all appearances, the ingot 
is correctly balanced. There are sometimes numerous 
fine blow-holes so near the skin that the soaking of the 
ingots and the subsequent heating or reheating at 
the bloom stage suffices to oxidize away the skin 
carrying these blow-holes, leaving a good surface on 
the rolled billet. Sometimes, however, the blow- 
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(a) 40° C., top of ingot 

(b) 40° C., middle of ingot 

(c) 40° C., bottom of ingot 

(d) 335° C., top of ingot 

(e) 335° C., middle of ingot 

(f) 335° C., bottom of ingot 
Fig. 8 


Figs. 8 and °—Effect of mould temperature on 
structure of ingot corner 


‘ig. 10—-Macrograph of cross-section 


from a 22-in. square ingot 


Ingot Surface Defects Sub-Committee 
To face p. 45) 





(., top of ingot 
(b) 26° ©., middle of ingot 
(¢) 26° ¢., bottom of ingot 
(d) 420° ©., top of ingot 
(v) 420° ©., middle of ingot 
(f) 420° ©. bottom of ingot 


Fig. 9 
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holes, despite an apparently satisfactory balance of 
the ingot, whilst being near the surface are of such a 
size that they are not completely eliminated with the 
skin on heating, with the result that seamy billets 
are produced, with some degree of broken and shelly 
corners. 

How far these variations in the size and distribution 
of the blow-holes between ingots which, to all appear- 
ances, should have similar structures, are attributable 
to such factors as method of deoxidation, casting 
temperature, teeming speed, state of oxidation before 
making the finishing additions, and gases in solution 
in the steel, has not yet been completely determined. 
No doubt a great deal of knowledge on certain aspects 
of the problem exists within the industry, and the 
garnering and distribution of such knowledge is, of 
course, one of the Sub-Committee’s tasks. The 
results of some experimental work sponsored by the 
Sub-Committee are given on pp. 54-57. 

Blow-Holes in Fully Killed Steel 

The occurrence of gas holes in ‘ fully killed ’ steels 
is generally the cause of surface defects on the rolled 
product known as seams, reeds, or rokes. However 
thoroughly the steel is deoxidized in the bath and in 
the ladle, the careful addition of a few ounces of 
aluminium per ton during teeming seems to be 
advantageous if the maximum freedom from gas holes 
is to be ensured. Such blow-holes in fully killed steels 
are usually very close to the surface and are of no 
detriment where the product is to be used in the 
machined condition, e.g., for engineering forgings. 
However, when the product is required in the as-rolled 
condition for such purposes as seamless tubing, drop 
forgings, or bright-drawn bars, the seaminess arising 
from these gas holes, although often very slight, 
requires much labour in the way of chipping, de- 
seaming, or grinding, to make the material suitable 
for further processing. 

In certain exceptional circumstances, blow-holes 
may arise from gas released from the steel during 
solidification ; possible causes are very high tapping 
temperatures, heavy coal additions to the ladle, and 
damp finishing materials, but such defects are more 
usually due to damp runner bricks, damp feeder-head 
bricks, damp or oxidized moulds, moisture in the 
mould dressing, or the entrapment of some of the 
scum floating on the rising column of steel. 

Where bloom or billet surfaces free from seaminess 
are required, it is recommended that the steel should be 
bottom-poured into carefully dressed moulds, at a teeming 
speed just sufficient to prevent any of the floating scum 
from becoming submerged. The moulds should prefer- 
ably be kept covered during teeming. 


Blow-Holes in Effervescing Steel 

Blow-holes in effervescing steel, although differing 
widely in volume and distribution from cast to cast, 
are always of a characteristic pattern, comprising an 
outer honeycomb arrangement of lozenge-shaped 
holes (primary blow-holes) extending for varying 
distances up the ingot, a secondary or intermediate 
system extending the full length of the ingot, and an 
inner system of randomly distributed blow-holes (see 
Fig. 1). 
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So far as ingot surface defects are concerned, only 
the outer system of blow-holes is of importance. If 
these blow-holes are too near the surface, for example 
as in Fig. 2, they are liable to become exposed to the 
atmosphere during heating for rolling, owing to the 
oxidation of the ingot skin. In many cases the 
blooms or billets rolled from such ingots may be so 
seamy and shelly as to be fit only for remelting. 


Teeming Speed 

One of the most important factors affecting the 
position of these outer blow-holes relative to the ingot 
skin and the height which they reacli up the ingot is 
the teeming speed. The slower this type of steel is 
teemed the deeper-seated will be the outer system 
of blow-holes and the less will be their height up the 
ingot (see p. 57). For this reason, bottom-pouring is 
suggested where the necessary slow teeming speed cannot 
otherwise be obtained, e.g., with small ingots. This is 
particularly the case when conditions necessitate the 
ingots becoming cold before being charged into the 
soakers. 


Tapping Temperature 

Evidence based on open-hearth practice shows that the 
most suitable tapping temperature for effervescing steel 
is tn the region of 1580-1620° C. (see pp. 54 and 57). 
Since, as stated, slow teeming of effervescing steel is 
desirable, it follows that tapping temperatures erring 
on the high side are to be preferred to those on the 
low side, since the higher the casting temperature the 
slower may the steel be teemed. Support for this 
conclusion is to be found in Fig. 21, where it is shown 
that a tapping temperature of 1620°C., with a ladle 
nozzle of 1} in. dia., gives better results than a tapping 
temperature of 1600° C. with a ladle nozzle of 1} in. 
dia. 

Because of the relatively high freezing point of 
effervescing steel, owing to its low carbon and 
manganese contents, the danger of tapping at too 
high a temperature is much less than when making 
steel of higher carbon and manganese contents. For 
example, in a survey at one works of the tapping 
temperature of various classes of steel, ranging from 
0-06 to 1-00° of carbon, the degree of superheat was 
10-30° C. greater on the medium- and high-carbon 
steel than on the mild steels. In other words, before 
the immersion pyrometer was used as a means of 
control, the tendency was to tap all qualities of open- 
hearth steel at approximately the same temperature, 
although the freezing point of a 1-00°% carbon steel, 
for example, is about 60°C. lower than that of a 
0-10% carbon steel (see Table I). 

A reasonably high casting temperature is also 
conducive to clean steel. The occurrence of surface 
defects on sheet and strip, such as fine shells develop- 
ing on cold rolling, blisters on pickling, or laminations 
on bending or forming, is minimized by higher casting 
temperatures. 

Condition of the Metal on Tapping 

It is common experience that correct tapping 
temperatures and teeming speeds will not, of them- 
selves, ensure a satisfactory effervescing steel ingot. 
The metal must also have the correct degree of 
oxidation if satisfactory effervescence is to occur. 
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The same problem exists here as with balanced steel, 
i.e., nO means are at present available of judging 
accurately the state of oxidation, and so adjustments 
must be made during the casting operation. If the 
metal effervesces too vigorously, the state of oxidation 
can be reduced by carefully feeding a little aluminium 
(chips or shot) as teeming proceeds. If the effer- 
vescence is too sluggish, an oxide addition (fine mill 
scale) appears to be advantageous, but this practice 
is not in use so far as the Sub-Committee is aware. 
Oxide additions to the ladle are, however, sometimes 
made to obtain a good effervescence when the 
manganese in the steel is higher than normal. 

The following figures give oxide additions made at 
one works when fully rimmed ingots (22 in. sq.) of 
basic open-hearth steel with 0-10-0-12% of carbon 
and above 0-4% of manganese, are required. The 
oxide is added to the ladle in the form of fine dry 
mill scale, fed evenly during the filling of the ladle. 

Oxide Additions to Ladle for Rimming Steels of above 

0-4% Manganese 
Oxide Addition, oz. per ton of steel 


Fein Tapping Slag, 0 4-0-5% 0°5-0°6%  0°55-0-65% 

% fn Mn Mn 
10 14 22 26 
12 12 20 23 
14 10 17 21 
16 7 14 18 
18 4 11 15 
20 Nil 7 11 
22 Nil Nil 7 

SHELLINESS 


Double Skin 

The formation of double skin (sometimes called 
ingot shell) has been described by Walker! This 
double skin often gives rise to shelly rolled products 
(illustrated in Fig. 3), especially when the ingot is 
rolled down at one heat. 

A certain degree of ingot shelliness is practically 
unavoidable, particularly at the bottom of the ingot, 
when top pouring is practised. Measures to overcome 
it have already been discussed in connection with 
cracking associated with double skin (see p. 43). 


Spattering Stream 

Ingot shells are also caused by splitting of the nozzle 
pot, and, as a result, spattering of the metal stream. 
Some operators find that the chances of such an occur- 
rence are reduced if the nozzle pot has been boiled in 
tar for a sufficient time (about 24 hr.) for it to become 
impregnated throughout. Complete support for the 
nozzle is also essential and careful setting is necessary 
to ensure this. The ring often provided on the pot 
to facilitate its setting is liable to crack, and pieces 
may break away during teeming. For this reason, 
some operators use a tapered-end nozzle which can be 
fully supported, as shown in Fig. 11. 


Bootlegging 

Severe shelling may occur in large rimming steel 
ingots, owing to a sudden fall of the metal level during 
teeming, which is sometimes caused by a rapid change 
in the rate of gas evolution. A continuous shell, often 
called a ‘ bootleg mark,’ is produced round the ingot, 
and on rolling may break up into a large number of 
smaller shells. ; 
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The effect is due to the metal teemed being over- 
oxidized or too hot ; when observed, it can be pre- 
vented in the remaining ingots of the cast by adding 
1-2 oz. of aluminium to the mould at an early stage 
of teeming. It is important to use only the smallest 
quantity necessary. 


Blow-Holes on or near the Ingot Surface 

Defects on the rolled material, similar in appearance 
to the shells arising from ingot shells, may be due to 
the breaking of the ingot corners during rolling, owing 
to the presence of blow-holes which have become 
exposed to the atmosphere during the course of 
heating. 

GENERAL 

Mould Dressings 

One of the means often employed to improve the 
surface quality of ingots is the use of dressings on 
the moulds. The subject has already been mentioned 
when dealing with the cracking of balanced steels 
(p. 43). Although not always beneficial for balanced 
steels, dressings generally produce a smoother surface 
for killed steels (p. 44), particularly with regard to 
freedom from lapping. They are also useful with all 
types of steel, particularly when top-teemed, in 
preventing ingot shells near the bottom of the ingot. 
Some evidence on this and on several other points is 
presented later in the paper (see pp. 59 and 60-63). 

Good results have been obtained with dehydrated 
tar, bituminous paint lacquer, blacklead, wax, and 
smoking (or reeking). 

The Sub-Committee is of the opinion that, for most 
killed steels, dehydrated tar produces results as good as 
are produced by any other mould dressing. 


Mould Surface Condition and Steel Quality 

As ingot moulds age in service the inner surfaces 
frequently become roughened or ‘ crazed,’ owing to 
the appearance of a network of small cracks which 
gradually spread and deepen until finally the steel 
ingot may become difficult to strip. Often, however, 
moulds are scrapped before this stage is reached, 
owing generally to the other chief cause of failure, 
i.€., major cracking. The question arises from time 
to time whether the roughened inner surface of the 
mould has any deleterious effect on the steel cast into 
such worn moulds. 

Whilst it is clear that this roughened surface may 
lead to surface defects in heat-resisting steels which 
do not scale to an appreciable extent on soaking and 
reheating, this will not necessarily be the case with 
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Fig. 11—Tapered-end nozzle 
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other steels. Some evidence on this point is given 
later in the paper (see pp. 63-65), and, indeed, 
it is shown that in some instances the crazing of 
the working face of the mould is helpful rather 
than otherwise, in producing ingots free from cracks. 
If the crazing is bad enough for the metal to enter 
and key into the mould face, or if the mould is so 
badly worn as to produce ‘sticker’ ingots, then 
restriction cracks, due to the ingot skin being unable 
to contract freely, may be severe. For this latter 
reason a relatively thin-walled mould is recommended, 
since such a mould will give a reasonably low mould 
consumption without the necessity for keeping it in use 
after the working face has become badly worn.” 

No general recommendation on the degree of 
crazing allowable can be made, since this will depend 
on the type of steel, the soaking, rolling, and re- 
heating treatment, and on the finish required on the 
product. The matter appears to be of sufficient 
importance to warrant investigation in all cases where 
large tonnages of steel and large numbers of moulds 
are involved. 

Nomenclature of Surface Defects 

The use in different works and in different parts of 
the country, of a variety of names for the same steel 
defect, and of the same name for more than one type 
of defect, has led to considerable confusion in the 
past. Asmall group of the Sub-Committee was there- 
fore formed to collect illustrations of a large number 
of surface defects occurring in the ingot and the semi- 
finished and finished products, and it has decided on 
the most suitable name and definition for each. 
Defects in the semi-finished and finished products 
have been included, since many of them are caused 
by defects in the ingot, and in many cases the steel 
cannot be examined until it has been rolled or forged, 
when the defects observed have, where possible, to 
be related back to the ingot. 

The study includes defects arising during manipu- 
lation of the steel prior to, or during, rolling, since 
these are frequently confused with those arising from 
defects in the ingot as cast. The part of the study 
dealing with defects in ingots is being prepared for 
publication.* 

FUTURE WORK 

It is hoped that this review will draw attention to 
the desirability of further work being carried out. 
The problems involved in the production of ingots free 
from surface defects are of such a nature that single 
investigations or trials of any particular aspect of the 
problem are unlikely to yield conclusions which will 
be generally acceptable. In view of this it is hoped 
that trials will be put in hand on as wide a basis as 
possible and that the results of any such work will 
be made available to the Sub-Committee. 

Investigations on the following lines would be of 
great value : 


Balanced Steel 
(1) A number of typical balanced steel ingots should 
be sectioned longitudinally. This matter is under 





* To be issued in the Special Report series of The Iron 
and Steel Institute. 
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the consideration of the Ingots Committee at the 


present time, and it is proposed that a number of 


balanced ingots from different sources should be 
sectioned and examined. Steel in the composition 
range 0-15-0-25% of carbon and 0-40-0-60% of 
manganese, which is made by a large number of firms, 
would be suitable for this investigation. 

(2) Records should be kept of the degree of balance 
of a number of balanced steel casts (say, 100) and 
the behaviour of the ingots on rolling should be 
recorded, with a view to determining the effect of 
the degree of balancet on the cracking tendency of 
the ingots. 

(3) The methods of making finishing additions to 
balanced steels, the quantities used, and the resultant 
steel analyses, should be compared for different steel- 
making methods, viz., hot-metal and cold-charged 
basic open-hearth, and acid and basic Bessemer. 

(4) Trials should be made of oxide additions to the 
metal in the mould as a means of adjustment when 
the steel has been over-killed. 

(5) Further work should be done on the effect of 
various types of mould dressing and of undressed 
moulds on the cracking tendency of balanced steel 
ingots. 

(6) Further work is required on the effect of varying 
teeming speeds on the cracking tendency of balanced 
ingots. 

(7) The variation in the blow-hole disposition 
between ingots which to all appearances are correctly 
balanced, should be examined. It is suggested that 
top, middle, and bottom corner samples should be 
cut from one ingot of each of, say, 10 casts which are 
judged to have given satisfactory balanced ingots, 
and that the behaviour of the 10 casts in the rolling 
operation should be carefully noted, together with the 
amount of defective material suitable only for scrap, 
the amount of dressing required on the product, and 
the final yield of first-grade material. 

The results of investigations (1) to (3) should, 
whenever possible, ultimately be correlated with the 
yield of first-grade material. 


Fully Killed Steel 

(8) The effect of various methods of ingot treatment 
on the degree of cracking appearing during rolling 
should be determined on a number of casts of fully 
killed steel, as follows : One-third of the ingots to be 
charged hot into the soakers ; one-third to be charged 
cold, but without any surface dressing ; and one-third 
to be charged cold after machining or deseaming to 
remove all surface defects. 

(9) The influence of (a) the shape of feeder head 
used, particularly its taper, and (b) the condition of 
the head, on the incidence of transverse pull cracks, 
should be investigated. 





t+ By the ‘ degree of balance’ is meant the behaviour 
of the metal immediately the mould is filled, i.e., the 
speed with which the top surface freezes over, and its 
subsequent behaviour, viz., whether it sinks, remains 
flat, bulges, or whether liquid metal breaks through. 
Where aluminium chips or shot are added in the mould, 
the addition is generally altered if the setting of the 
top of the first ingot is not that desired. The amount 
of aluminium added should be recorded with the 
behaviour of the ingot top. 
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General 

(10) The relative effect of hot and cold charging of 
ingots into the soakers and of variation of time in 
the soakers on various types of steel should be 
examined. 

(11) Results obtained with top-poured and bottom- 
poured ingots of similar analyses and rolled into 
similar products should be compared. 

(12) Data should be collected on the effect of various 
methods of reheating and rolling, e.g., (a) rolled direct 
from ingot, (b) hot-deseamed during the progress of 
rolling, and (c) partly cogged and recharged for further 
heating. 

(13) Data should be collected on the effect of various 
types of mould dressing, eg., tar, lacquer, wax, 
graphite, and aluminium powder. 

Whilst works investigations will yield the more 
valuable results in this field, laboratory tests are also 
being carried out on the basic causes of cracking, 
with particular reference to balanced steels. One 
approach is being made by examining the tensile 
properties of the steels at the high temperatures at 
which ingot cracking occurs. A small amount of 
preliminary work on this subject has been carried out 
by Mr. H. F. Hall, of the Armament Research Depart- 
ment, Woolwich, using the method employed for work 
of a similar nature for the former Steel Castings 
Committee of the Iron and Steel Industrial Research 
Council. This showed that sound castings of a 
suitable nature could be produced in a steel containing 
0:09% of carbon, 0-14% of silicon, and 0-36% of 
manganese, without any aluminium addition. This 
work is being followed up at Sheffield University, 
using the hot-tearing test developed by Mr. Protheroe 
and his co-workers for the Steel Castings Division of 
B.LS.R.A. 

In this test a bar casting is made to solidify with 
its ends keyed to two bolts, one fixed and one attached 
to a calibrated spring. As the bar contracts during 
and after freezing, a tensile stress is produced as the 
spring deflects, and the bar will fracture if the load 
becomes too great. The temperatures, times, and 
stresses at which such fractures occur are observed. 

It is planned to make numerous tests on a statistical 
basis with steels of silicon content down to about 
0-08%. The possibility of incorporating a chill to 
one face of the test casting will be considered, and 
the investigation will also include micro-examination 
of the cast bars. It has been suggested that the 
cracking of steel might also be investigated by means 
of centrifugal casting under controlled conditions. 


Part II—EXPERIMENTAL 
EVIDENCE 


CRACKING 
Cracking of Balanced Steels 

Effect of Temperature and Teeming Speed 

Two large-scale works investigations in which the 
tapping temperature and teeming rates of balanced 
steel were related to ingot quality have been made. 
Each studied the variations in normal works practice 
and covered a large tonnage of steel, so that the results 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


obtained for the particular practice concerned can be 
accepted with confidence. 
In the first investigation,’ on balanced steels con- 


taining 0-18-0-22% of carbon and 0:-5-0-65% of 


manganese, the influences of teeming temperature as 
measured by ladle skull formation, of nozzle diameter, 
and of the sulphur content of the steel, were observed 
by relating them to the number of defects found in 
joists rolled from the ingots. The records covered 
19,600 tons of steel, top-poured into 85-cwt. slab 
moulds. Most of the defects observed were due to 
ingot cracks, but the examination of very cold steel] 
was complicated by the fact that such steel gives rise 
to another type of defect, shelliness, which may be 
confused in certain cases with cracking. The amount 
of ladle skull was related to tapping temperature from 
a number of immersion thermocouple readings taken 
in the same melting shop. The conclusions were as 
follows : 

(1) Moderate skull sizes give the least crack defec- 
tives. Converting skull sizes to tapping temperatures. 
the best temperature ranges are: With 1}-in. dia. 
nozzles 1570-1585° C., and with 2-in. dia. nozzles 
1560-1575° C, 

(2) These effects are most marked with sulphur 
contents above 0-05% 

(8) Nozzles 2 in. in dia. give, on the whole, more 
defectives than 1}-in. dia. nozzles 

(4) Increasing sulphur gives increasing crack defec- 
tives (this subject is dealt with more fully later in the 
paper (see p. 51). 

In the second investigation, data on approximately 
2000 casts, teemed into 47-cwt. square ingots to one 
specification, were examined. Billet yield was plotted 
against tapping temperature, the data being divided 
into three lots according to the nozzle size used. 
The graphs obtained showed a very big scatter, due 
of course to the large number of variables involved. 
To remove some of these variables the data were then 
restricted to casts tapped in a certain state of oxida- 
tion only, as judged by the iron content of the tapping 
slag, the range 14-16% of iron being included. Full 
data were available on all casts, and the following 
casts were excluded : 

Casts running slowly from the furnace 

Casts in which bottom trouble occurred 

Badly worked charges 

Casts where running stoppers or other bad teeming 
conditions occurred 

Casts with analyses outside the range 0-20-0-25% 
C, 0-6-0-8% Mn 

Casts of which the ingots had prolonged soaking 
times 

Casts where aluminium additions to the ladle were 
different from normal. 

With these omissions only 25% of the casts re- 
mained, and from these the curves shown in Fig. 12 
were plotted. It will be observed that the tempera- 
ture ranges for maximum yield are quite small, of the 
order of 10°C., and that the optimum temperature 
varies with the nozzle size, as follows : 


Nozzle Dia., Optimum Temp., 
in. °C. 
14 1597 
1} 1602 
1} 1620 


It will be clear that the precise temperatures 
mentioned above are applicable only to the melting 
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Fig. 12—Tapping temperature and billet yield : 47-cwt. 
balanced steel ingots 


shops concerned, although it is probable that in all 
shops the lowest defectives are obtained at some 
optimum temperature. 


Cracking of Fully Killed Steels 
As-Cast versus Dressed Ingots 

On four casts of fully killed 0-30-0-35°, carbon 

steel, a number of 4-ton ingots were allowed to cool, 
the surfaces were completely removed with an oxy- 
acetylene torch, and all cracks were dressed out. 
These deseamed ingots were then rolled for com- 
parison with companion ingots from the same cast. 
Xolled bloom sizes were: 63 in. Gothic and 73 in. 
square section. The results are shown in Table I. 
Although great care was taken to eliminate all the 
cracks on the dressed ingots, it appears that complete 
success was not attained in the case of cast 26/113. 
The results confirm general experience on other steel 
qualities ; e.g., when free-cutting steel ingots crack 
badly on the first few passes during cogging, they are 
put down and the cracks are dressed out with oxy- 
acetylene ; on reheating and subsequent rolling, no 
further trouble is experienced. 

Similar evidence is available from another steel- 
works, where at the time when a hot deseamer was 
coming into use for killed steel, pickling tests were 
carried out on sample sections at eight stages of 
reduction from bloom to bar. No evidence was found 
to suggest that surface splits developed or increased 
at any stage of rolling. 


Table I 
RESULTS OF AS-CAST AND DRESSED INGOTS 





As-Cast Ingots Dressed Ingots 





Cast No. BI : BI : 
No. of ooms | Cracked | No. of ooms | Cracked 


Ingots pa Blooms | Ingots} guceg | Blooms 








17/5010) 8 65 5 6 47 Nil 
26/98 9 92 7 7 65 Nil 
26/91 12 | 136 8 8 75 Nil 
26/113 | 10 79 11 7 49 1 
Totals | 39 | 372 31 28 | 236 1 
(8-3%) (0-4%) 
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Cracking and Teeming Rate 

A most comprehensive examination of records on 
over 4000 rolling and forging ingots has been made.4 
The ingots were 2} to 20-ton rectangular, and 4 to 
25-ton octagonal, and the steels ranged from carbon 
steels containing 0-2-0-45°% of carbon and 0:6-0-8°,, 
of manganese, through various gun steels, to an 
armour-piercing and bullet-proof nickel-chromium 
molybdenum steel with 3-6-3-8°% of nickel, 1-6 

1-8°% of chromium, and 0-40-0-45°%, of molybdenum. 
Yach ingot was classified according to its surface 
condition on rolling or forging, as follows : 
Grade 1—No defects, or defects negligible in their 
effect 
Grade 2—Defects present, but moderate in number 
and size 
Grade 3—Defects of a serious nature. 

The defects considered were those arising from 
defects in the ingot, chiefly : 

(1) Transverse ‘ breaks’ or cracks, mainly arising 
with steel on the hot side 

(2) ‘Skull breaks,’ i.e., cracks arising from laps in 
the ingot surface, usually occurring with cooler steel. 

Each type of ingot was considered separately for 
each of the steels for which it was used, and graphs 
were drawn relating teeming time and the proportion 
of ingots of the various grades. An example is repro- 
duced in Fig. 13. In all cases transverse breaks 
occurred most frequently with rapid teeming, and 
skull breaks with slow teeming, and in each case an 
optimum teeming time was determined from the 
graphs. In some instances no defectives were found 
over a range of teeming times. 

Further work established the variation in the rate 
of flow from the ladle through various sizes of nozzle 
with time after commencement of teeming, and from 
this and the optimum teeming times for the various 
ingot sizes, it was possible to draw up with precision 
the most suitable teeming sequences for various 
groupings of ingots. 

The optimum teeming times found in this investiga- 
tion were compared with those in use for similar 
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‘i¢6. 14—Effect of casting temperature and teeming 
speed on ingot cracking and surface defects : 21}-in. 
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qualities of steel and sizes of ingot at another works, 
and were found to be in very good agreement. How- 
ever, such data obtained in one works cannot neces- 
sarily be used directly in another. Variations in 
conditions may cause considerable differences, and 
individual works experience, backed up by this type 
of investigation, will usually give the most reliable 
data for any particular works. 

In another case, data on tapping temperature and 
teeming speed, for a large number of electric-furnace 
ingots of tube steel, were examined ; the composition 
of the steel was as follows : 


° 
°o 


Carbon 0-17-0-25 Sulphur 0-030 max. 
Manganese 0-50-0-70 Phosphorus 0-030 max. 
Silicon 0-2-0-3 


Graphs of temperature and of teeming rate against 
percentage rejections were drawn. Figure 14 shows 
such a graph for round ingots. Cracking increases 
rapidly with both temperature and teeming rate, 
whilst other surface defects show an optimum low 
value at normal temperature and a decrease with 
increasing teeming speed. It was pointed out that, 
within limits, hot casts teemed at slow speeds gave 
similar results, with regard to cracking, to colder casts 
teemed at high speeds, but that in neither case was 
surface condition as good as in casts teemed at correct 
temperatures and speeds. 
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INGOT SURFACE DEFECTS SUB-COMMITTEFR 


Longitudinal Facial Splits 

This type of defect can be very serious and may 
often necessitate the rejection of the entire ingot. 
The defect is illustrated in Fig. 4, which shows an 
ingot cross-section from a cast of basic open-hearth 
steel of 0-39% carbon and 1-8°% manganese. 

In a particular case reported by a member of the 
Sub-Committee, this defect occurred in the bottom- 
run ingots of a cast of 0-34% carbon and 3-1%, 
nickel, which was tapped at too low a temperature 
to run up-hill satisfactorily and part of which had to 
be teemed direct. All the bottom-run ingots were 
badly rippled, due to the metal being sluggish in the 
moulds, and had longitudinal facial splits, whereas 
the top-run ingots were free from such defects. 

In reporting this instance the following statement 
detailing the conditions under which such splits are 
most likely to occur was made : 

‘The defect is confined, so far as our experience 
goes, to basic open-hearth steel of the higher-carbon 
qualities, ¢.e., nickel, nickel-chromium, and_high- 
manganese steels of 0-32°% carbon and upwards, and 
to plain carbon steel of 0-40°% carbon upwards. Acid 
open-hearth steel gives no trouble in this direction. 

Ingots are more liable to develop the defect. it 
stripped very quickly after solidification ; for example, 
three casts stripped more quickly than normal in 
order to catch a particular rolling were all badly 
affected, one cast having 50% of the ingots with 
these longitudinal splits. 

It has also been noticed that the liability to this 
trouble increases with increase in ingot size, 14 in. sq. 
being practically immune and 16 in. sq. and 18 in. sq. 
progressively worse. 

It has become evident that casts on the cool side, 
casts teemed more slowly than normal, and casts 
treated with aluminium to refine the grain, are more 
liable to develop the defect than are casts of normal 
temperature and teeming speed, and of normal grain 
size.” 

Cracking of Steels in General 
Corrugated or Fluted Moulds 

As stated on page 44, there is some difference of 
opinion as to the advantage of corrugations or flutes 
for square and rectangular moulds. Four items of 
evidence are given to illustrate this. 
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Fig. 15—Corrugated and plain-faced moulds: 0-30— 
0.80% carbon, killed steels 
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(1) At one works corrugated moulds were found 
to be a considerable advantage when introduced ten 
years ago, when immersion pyrometry was not used 
in that works; but with the increased control of the 
steel tapping temperature now possible, this advantage 
has disappeared. 

In the following figures yields of first-quality product 
from ingots from a set of 24 plain-faced moulds are 
compared with the mean yields from corrugated ingots 


made over the same period and for the same types of 


steel, using 22}-in. sq. small-end-up moulds : 


Comparative Yields from Plain-Faced and Corrugated 


Ingots 
No. of Yield, °, 

Steel Quality Casts Plain-Faced Corrugated 
Free-cutting steel 13 81-9 80-7 
Mild steel 60 88-6 85-8 
0-40-0-80% C steel 17 87-5 85-6 
Soft wire steel 22 84-8 85-5 


In Fig. 15 yields of 0-30-0-80% carbon steel from 
sets of plain and corrugated moulds are plotted against 
the age of the moulds (a subject dealt with later in 
the paper (see pp. 63-65). | Both in the foregoing 
figures and in Fig. 15, the plain-faced moulds gave 
at least as good results as the corrugated moulds. It 
appears that with the control exercised at the works 


concerned there is now no advantage in the use of 


corrugated faces for small-end-up, semi-closed-top 
moulds for effervescing and for non-brick-topped 
killed steels. 

Tests of plain-faced moulds for fully killed steels 
used with a feeder head are not yet sufficiently 
advanced for any conclusion to be drawn. 

(2) Trials were made to compare the effect of corru- 
gations on steel quality in moulds for making plate. 
The standard mould in use gave a 10-ton plain-faced 
ingot, and for comparison the nearest available type 
of corrugated mould was purchased. This had a 
capacity of approximately 9 tons, but had corrugated 
faces. 

The corrugated moulds were kept together in heats, 
and the defects produced from similar qualities of 
steel made in the two types of mould were compared 
for each period of four weeks. When the corrugated 
moulds were first used, defects produced were generally 
lower than those of the normal 10-ton moulds, but the 
difference gradually became less as further moulds 
were brought into use, until finally there was definitely 
no advantage in using corrugated moulds. The yield 
of slabs from ingots was practically identical for the 
two types of ingot. 

The 9-ton corrugated mould was heavier in pro- 
portion to the ingot than the normal 10-ton, and the 
life was such that the mould consumption in pounds 
per ton was higher with the corrugated mould, and 
its use was therefore discontinued. 

(3) Contrary evidence is provided by another 
instance where corrugated moulds have been in use 
for about two years. Rectangular ingots of about 


(b) 
Fig. 16—Twelve-sided moulds : (a) flat sides, (6) fluted 


sides 
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6 tons weight are made in this case, mainly of rimming 
steel, but including some other grades. 

The use of the corrugated mould has led to the 
virtual disappearance of surface tears in the slabs, a 
defect previously giving considerable trouble. These 
surface tears were shown to originate in cracks in the 
ingot ; the cracks, however, were not generally visible 
in the ingot in the as-cast condition. It was com- 
puted that with the introduction of the corrugated 
mould the incidence of these cracks was reduced in 
the ratio 9 to 1. No increase in mould consumption 
was found. 

(4) The electric-furnace steel already mentioned in 
connection with teeming rate, is also cast into 12-sided 
moulds. Flat-sided moulds gave results similar to 
those obtained with round moulds, but with fluted 
sides, as shown in Fig. 16, the teeming speed could be 
safely increased from 8} to 20 in./min. 

The much greater freedom from cracks and other 
defects with the fluted ingots was attributed to (i) the 
greater chilling effect of the mould, and (ii) the flexi- 
bility of perimeter possible with these moulds. 

Flute and Corner Radius 

As a result of the pooling of the practical experience 
of the members of the Sub-Committee, it is recom- 
mended that the corner radius should be 10°, or less 
of the smallest cross-sectional dimension, since the 
tendency for longitudinal corner cracks and corner 
segregation to develop increases with increasing cornet 
radius. 

An investigation showed that corner cracking and 
corner segregation in octagonal ingots (Figs. 5 and 6) 
were associated with the depth of flutes as well as 
with corner radius ; the shallower the flutes, the more 
prone was the ingot to corner weakness. The trouble 
disappeared when the flutes were made sufficiently 
deep, conforming to the formula : 

D 


F.R. = 2 
where F.R. is the flute radius, and D is the distance 
between two opposite sides of the mould. 
The Sub-Committee agrees that the following 
formula gives the most suitable flute radius for multi- 
sided moulds : 


D 
F.R. = 
: 0-25.N 
where NV = number of sides. 


Effect of Sulphur on Ingot Cracking 

Much previous work has been carried out on the 
effect of sulphur on the susceptibility of steels to 
cracking. McCance® shows a graph obtained from 
figures on a 0-2% carbon, 0-6°% manganese steel 
supplied by J. Gibson from Glengarnock Works, in 
which the percentage of ingots showing rolling cracks 
increased markedly with sulphur contents increasing 
from 0-02 to 0:05%. Graham* obtained results of 
the same type with a steel of lower carbon (0-1%) 
and manganese (0-3°%) contents. Similar effects of 
sulphur in sand casting are reported by Hall® and by 
the Foundry Practice Sub-Committee.?_ The cracking 
of high-sulphur free-cutting steels, in both rolling 
and welding, has also been discussed in a number of 
papers, and the fact that cracking occurs in this 





* Private communication. 
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quality to a much smaller extent than would be 
expected from the results mentioned above has 
been related to (i) the oxygen content of the steel,*.® 
(ii) the type of inclusion formed,!® ™ and (iii) the 
peritectic reaction and the liquidus-solidus range.” 

Whether or not a particular ingot will show cracks 
on rolling (assuming good rolling practice) clearly 
depends not only on the sulphur content, but also 
on the contents of several other elements, including 
particularly oxygen and manganese. All of these 
will be influenced by bath conditions. The question 
has sometimes been posed as to whether ingot cracking 
is correlated with steel sulphur content because of an 
inherent effect of the sulphur itself, or because the 
sulphur content is merely a reflection or corollary of 
some other condition which itself determines whether 
cracking will occur. Mr. Gibson’s original report from 
Glengarnock (written in 1924) has been submitted to 
the Sub-Committee ; it contained an attempt to relate 
cracking to other factors as well as sulphur, and for 
this reason it is summarized below under Investiga- 
tion (1). Other trials on this subject are reported under 
Investigations (2) and (3). 

Investigation (1) 

The examination related to data on 320 charges of 
Lloyd’s quality steel, and the objects were to deter- 
mine the effect of sulphur in the steel, and of the 
‘degree of oxidation’ of the bath on ingot cracking. 
The steel analysis was to the following specification : 

Carbon 0-18-0-20 
Silicon 0-05 max. 
Manganese 0-55-0-60 

The proportion of good ingots obtained (7.e., with 
only very minor defects or none at all) was used as a 
measure of ingot cracking. 

A previous analysis of a number of charges on the 
basis of the ratio of silica in slag to FeO in slag had 
indicated that the higher this ratio the poorer was 
the rolling quality of the steel, as follows : 


Sulphur 0-05 max. 
Phosphorus 0-02 max. 


Si0,/FeO Ratio No. of Charges Good Ingots, % 
Under 1-0 59 69 
1-0-1-5 98 61 
1-5-2-0 92 58 
Over 2-0 86 45 


In the present case, classification of the charges into 
ranges of sulphur content clearly demonstrated the 
correlation of sulphur content with rolling quality, as 
follows : 


Sulphur. °% No. of Charges (iood Ingots, % 
0 -020—0 -025 62 70 
0 -025-0 -035 121 52 
6 -035-0 -04 63 39 
0 -04—-0 -05 57 25 
Over 0-05 17 2% 


Gibson points out that these data do not prove 
that the impaired rolling quality of the steel is due 
to a high sulphur content, since the conditions which 
give low-sulphur steel (slag composition, etc.) are also 
those which, it is generally assumed, give steel of 
good rolling quality. 

Investigation (2) 

A further investigation concerning sulphur is 
included in the paper by Reeve.* The percentage of 
sulphur in several thousand ingots was correlated 
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statistically with a ‘crack index, this being the 
percentage of the ingot weight rejected for cracking 
multiplied by an arbitrary factor. Details of the 
investigation and the correlation obtained are given 
below : 

Steel—0 -18-0-22% carbon, 0-50-0-65° manga- 

nese : 
Ingots—19 x 27 in., small-end-up, 85-cwt., top-run 
Product—4} x 24 x 2-in. to 6 x 5-in. joists 


Sulphur, % No. of Ingots Crack Index 
0 -030-0 -039 857 10-3 
0 -040-0 -049 1866 10-6 
0 -050—-0 -060 953 14-1 
Over 0-060 430 17-1 


The correlation shows that, for this product. 
variation of sulphur content between 0-03 and 0-05°,, 
had little effect on cracking, but that above this value 
cracking increased considerably. In the same investi- 
gation, tapping temperature was judged by the 
amount of ladle skull obtained ; as mentioned earlier, 
temperatures either above or below normal increased 
the incidence of defects. This effect was most 
marked with high sulphur contents, and the increase 
in defectives due to the steel being either too hot or 
too cold was considerably more than that caused by 
variation of sulphur content. 

Once again, therefore, ingot cracking is seen to be 
bound up with several variables, all of which are 
inter-related. 


Investigation (3) 

An inference on the effect of sulphur on ingot 
cracking can also be drawn from the fact that steels 
with a very low sulphur content can be teemed 
satisfactorily, both more rapidly and at a highe! 


temperature than similar steels with a higher sulphur 


content. This is particularly noticeable with electric- 
furnace steels. The following figures relate to the 
teeming of a 1% carbon, 1-5°% chromium steel into 
square 2-ton ingots, and represent normal practice at 
one works : 

Teeming Rate as Affected by Sulphur Content 


Open-Hearth Eleetric-Vurnac 
Steel (approx. Steel (approx 
00-04% S) 9-29, S) 


Tapping temp., °C. 1560 (approx.) 1600-1645 
Teeming rate, in./ 
min. rise 
Severe ingot cracking is likely to occur in the open- 
hearth steel if the above temperatures and teeming 
rates are much exceeded. 


18 (approx.) 20-25 


Effect of Residual Elements on Surface Defects 

Copper and Tin—Certain residual elements largely 
introduced into the steel by the scrap melted, are 
known to affect the mechanical properties of the steel, 
particularly at working temperatures. The joint 
presence of copper and tin, for example, is liable to 
produce numerous small surface fissures during hot 
working, the steel being generally described as ‘ hot 
short.’ 

For example, in rolling mild-steel joists, severe 
edge cracking occurred in the last few passes when 
copper and tin were above about 00-12%, each. 
In hot-flanging circular dishes from plates, edge 
splitting occurred when the copper content was about 
0-15% and the tin content was above 0-08%. An 
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example of very severe hot shortness is shown in 
Fig. 7, which shows the edge of a slab 11} x 1? in., 
rolled from a killed steel ingot containing 0-92% of 
copper and 0-10% of tin. This type of ‘spongy ’ 
surtace was typical of the whole cast. 

In another instance reported to the Sub-Committee, 
severe surface cracking was observed in a copper- 
containing cast of basic open-hearth low-carbon steel. 
The pit analysis of the steel was as follows : 


Carbon 0-12 Silicon 0-04 
Manganese 0-48 Chromium 0-06 
Sulphur 0-029 Nickel 0-16 
Phosphorus 0-016 Copper 0-36 


All the billets from this cast had to be scrapped owing 
to surface cracking, resembling * burning.’ whereas 
other casts to the same specification had been rolled 
successfully. The cracks were up to 3, in. deep, and 
were found on examination to be filled with oxide, 
the steel immediately adjacent being decarburized 
and comparatively coarse-grained. From this it was 
concluded that the steel had not been © burnt.’ No 
unusual micro-constituents were found. 


Subsequent spectrographic analysis (confirmed 
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Fig. 17—Effect of copper and tin on hot-shortness. 
Results of bend tests on mild steel at 950° C. 
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chemically) showed that the steel contained 0 -44% of 
tin. The adverse effect was confirmed by forging 
and up-ending tests on sections machined from a 
billet from the cast and one from a similar cast which 
had behaved normally. The former, on up-ending, 
became covered with surface cracks, again resembling 
‘ burning,’ whilst the latter was uncracked. 

A bend test has been devised by a member-firm 
of B.LS.R.A., to determine the susceptibility to * hot- 
shortness ’ of mild-steel specimens taken from plates 
containing known amounts of copper and tin. The 
plates were not specially prepared, but were taken 
from normal production. 

The test pieces were cut across the direction of 
rolling and were machined to 6 » 14 4 in., care 
being taken to leave one surface in the as-rolled 
condition and to have this surface on the outside 
during the bending. The test pieces were then heated 
to 950° C., bent through 180° while at this tempera- 
ture, and cooled in air. Specimens containing certain 
ratios of copper and tin were seen to be * hot short,’ 
while others bent satisfactorily. 

Figure 17 shows the results obtained on specimens 
from 24 casts, all in the range 0-0-085°,, of tin and 
0-25-0-5°% of copper. Within this range, variation 
of the copper content appears to have a larger effect 
on hot-shortness than does variation of the tin 
content. All specimens containing less than 0-25% 
ot copper bent without cracking. All those with more 
than 0:25%, of copper were cracked, although two 
such specimens with below 0-03°, of tin were only 
slightly cracked. 

Further tests with samples on or about the dotted 
portions of the curve shown in Fig. 17 are desirable 
in order that it may be plotted with more certainty. 
It is suggested that the curve would then be useful 
in determining the suitability of steels containing 
known copper and tin for such work as hot-flanging. 

Copper and Nickel—A statistical examination has 
been made of data from a large number of casts by 
one firm, to determine the effects of small residual 
amounts of nickel and copper on the rolling properties 
of the steel. The vield of prime saleable material 
was taken as the criterion. The following data 
summarize the results : 


Effect of Small Amounts of Nickel and Copper on Sold 
Vield of Effervescing Steel 


Below 0-15°. Carbon Above 0-158, Carbon 
Now oft Mean No. of Mean 
Copper Casts Yield, °, Casts Yield, ‘ 
Below 0:15°,, Nickel 
0-10-0-13 163 86-0 1 87-6 
0-14-0-16 76 85-9 20 34-6 
0-17-0-19 60 86-5 14 86° 
Above 6°15", Nickel 
0-10-0-15 26 S6-0 5 S4-2 
-14-0-16 26 s4-9 15 87-3 
(-17-0-19 23 SS. 1 | 87-2 
Mean Vield of AU Casts in Bach Range 
Copper. ° No. of Cast = Mean Yield 
0-10-0-13 243 86-3 
0-14-0-16 137 85-7 
0-17-0-19 101 87-15 
Nickel, °, No. of Cast - Mean Yield, ‘ 
0-15 382 86-2 
0-15 99 86-35 
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Effect of Nickel and Copper on Sold Yield of Killed 
Steels, Cast without a Feeder Head 
Below 0-15% Nickel Above 0-15% Nickel 


No. of Mean No. of Mean 
Copper, % Casts Yield, % Casts Yield, °% 
0-10-0-13 101 87-3 21 87-5 
0-14-0-16 46 87-7 20 88-1] 
0-17-0-19 33 87-7 9 89-7 


Effect of a Small Copper Content on Sold Yield of 
Killed Steels, Cast with a Feeder Head 


Copper, % No. of Casts Mean Yield. % 
0-10-0-13 73 77-0 
0-14-0-16 41 77-1 
0-17-0-19 13 76-0 
0 -20-0 -24 2 77-0 


Effect of Nickel and Copper on Sold Yield of Free- 
Cutting Steel (0-20-0-25% Sulphur) 
Below 0-15% Nickel Above 0-15% Nickel 


No. of Mean No. of Mean 
Copper. % Casts Yield, © Casts Yield, % 
0-10-0-13 9 84-6 cee dst 
0-14-0-16 12 84-0 10 82-6 
0-17-0-19 18 83-9 20 s0-8 
0 -20-0-24 ‘| 82-6 1] 79-5 


From the foregoing data the following conclusions 
were drawn : 

(1) Copper and nickel, up to 0-2°% of each element, 
do not adversely affect the rolling properties of 
effervescing or killed plain carbon steels of normal 
analyses. 

(2) Free-cutting steel containing 0-20-0-25% of 
sulphur is adversely affected by both copper and 
nickel, either alone or together.. The lower yield is 
due mainly to an increase in ingot cracking. 


Optimum Tapping Temperatures 

In an effort to determine the most suitable tapping 
temperature for various grades of steel, temperatures 
were taken on a series of casts with an immersion 
pyrometer, within 15 min. of tapping the furnace. 
The results obtained on 30 of the casts, which were 
teemed into ‘ brick-top ’ moulds and rolled into billets 
2-5 in. square, were then examined to discover the 


effect of the tapping temperature on the yield of first- 
grade material. 

The percentage sold yield was plotted against degree 
of superheat (Fig. 18), and a highly significant corre- 
lation was obtained. It will be noted that the 
optimum degree of superheat is from 70° to 100° C. 

Desired tapping temperatures were then calculated 
on this basis, the initial freezing point of the various 
grades of steel having been worked out from the data 
of Roeser and Wensel.!* 

Further experience showed that it was desirable 
to reduce the upper limit of superheat by 10°C. 
Table II gives the optimum tapping temperatures for 
various grades of steel, based on a superheat of 
70-90° C. This range has been confirmed by a recent 
examination of 23 casts of drop-forging steel contain- 
ing 0-25% of carbon or less. The results are shown 
in Fig. 19. The 16 casts within the superheat range 
of 70-90° C. gave an average vield of 77-5% of first- 
grade material, against 72-6 for the 7 casts with 
superheat above 90° C. 

The statistical ¢ test shows that the difference 
between the two results is significant on the 0-02 level 
(t.e., only 1 chance in 50 that the result is fortuitous). 
The fact that the highest superheat of any cast was 


only 96° C. illustrates the sensitivity of this grade of 


steel, in particular, to the tapping temperature. 

The figures in Table II apply for 80-ton single- 
stopper ladles used with a slag covering, and for 
bottom or tundish teeming. They have been found 
to be suitable for a casting period of 30-40 min. 

BLOW-HOLES IN BALANCED STEELS 

The investigation of blow-holes has so far been 
carried out mainly by the * corner sampling’ tech- 
nique. A brief description of this technique is as 
follows (see Fig. 20): Slant torch cuts are burnt 
through AC, AD, BC, and BD (dotted lines), and a 
portion from the corner of the ingot is thus removed. 
This is cut through CD to provide a horizontal section 
through the corner of the ingot which can be polished 


Table II 
OPTIMUM TAPPING TEMPERATURES 


Based on liquidus temperatures given by Roeser and Wensel) 
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Steel Carbon, %, Manganese, °;, Liquidus, ° C. —.. 
Plain Carbon Steels 
Dead soft 0-10 0-40 1529 1600-1620 
Mild steel 0-20 0-60 1520 1590-1610 
0.30% C 0-30 0-70 1512 1580-1600 
0.40% C 0-40 0-70 1506 1575-1595 
0.50% C 0-50 0-70 1500 1570-1590 
0-60% C 0-60 0-70 1493 1565-1585 
0-70% C 0-70 0-70 1487 1560-1580 
0-80% C 0-80 0-70 1480 1550-1570 
0-90% C 0-90 0-70 1474 1545-1565 
1.00% Cc 1-00 0-50 1468 1540-1560 
Pure iron ae 1539 e 
Other Steels 
Free-cutting steel (0.25% S) 0-10 1-0 1520 1590-1610 
Soft steel with high Mn 0-15 1-5 1518 1590-1610 
Silico-manganese (2.0% Si) 0-55 0-90 1480 1550-1570 
High Mn shell 0-35 1-30 1505 | 1575-1595 
High Mn shell 0-25 1-00 1513 1585-1605 
MAY, 1950 
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and either etched or sulphur-printed to reveal the 
sub-surface structure of the ingot. 

To ensure that this method of sampling will not 
cause a defect in the subsequently rolled product, 
angles CAB, DAB, CBA, and DBA should be acute, 
say, about 30°, so that with AB equal to 6 in., AC, 
AD, BD, and BC would be about 3} in. Figures 8 
and 9 (referred to later) are examples of sections 
obtained in this way. 


A big advantage of the corner sampling method of 


examining ingots is that the ingot can subsequently 
be rolled in the normal manner, and in most cases no 
defects in the product arise from the removal of one 
or more samples. This has been confirmed by obser- 
vation of a considerable number of such ingots in 
several works. It is also simple and inexpensive, but 
it does not, of course, give as much information as 
would a complete section of an ingot : on the other 
hand, examination of a complete section is extremely 
costly in both time and material, and has the dis- 
advantage that the performance of the actual ingot 
cannot be correlated with the structure. 

For the information from any one corner to have 
its full value, it is necessary to know whether the 
structure at this corner is representative of the whole 
of the periphery of the ingot at the level at which 
the sample is taken. Fortunately this seems to be 
the case. Several full or half cross-sections of ingots 
have been examined with this point in mind, and 
depth and distribution of blow-holes were found to 
be uniform for the whole of the ingot perimeter. An 
example of such a section from near the bottom of an 
ingot is shown in Fig. 10. 

It can thus be concluded that. for normal purposes, 
an ingot corner section can be taken as representative 
of the structure of the surface laver of that ingot at 
all points round its periphery on the same horizontal 
level. 

It is well known that blow-hole distribution varies 
from the bottom to the top of an ingot, and in order 
to get comparative information from a number of 
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Fig. 18—Correlation between sold yield and degree of 
superheat on casts of steel rolled into 2—5-in. sq. billets 
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Fig. 19—Superheat and sold yield for drop-forging 


steel (up to 0-25°, carbon) 


ingots it is important that the samples be taken from 
the same position in each case. A position halfway 
up the ingot has generally been used, but to get 
fuller information about any particular ingot it is 
necessary to take additional samples, and standard 
positions for sampling at the bottom, middle, and top 
have been decided upon, these being at distances 
from the bottom of the ingot equal to 15%, 50°,,, 
and 80%, respectively, of the height of the ingot, 
excluding any feeder head. 


Effect of Mould Temperature 

Three tests were made on separate casts, in each 
of which consecutive ingots of balanced steel were 
made by top-pouring into a pair of similar small-end- 
up moulds, one cold and the other hot, as follows : 
Cold-Mould 


Mould size, Hot-Mould 


Test No in. Sq. femp uf lemp ( 
l 25 $20) 10-40 
2 27 335 10-40 
3 30 650 10-40 


The steel in each case contained about 0°2°% of 
carbon and 0-65°%, of manganese, and set with a top 
either flat or slightly broken through. 

In the first two tests, corner samples from the top, 
middle, and bottom positions showed little difference 
in the number, size, and depth below the skin of the 
blow-holes between the ingot poured in the hot mould 


Qa 
o 


Fig. 20—Method of removing corner sample 
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and that in the cold mould (see Figs. 8 and 9). When 
a mould at 650°C. was used, the blow-holes were 
rather fewer, and were more deeply set at the bottom. 
This temperature is, however, much above any likely 
to occur in normal practice. 

Another example, in which ingots of rimming steel 
were examined, confirms the result obtained with 
balanced steel : 

Steel—0 -06°, carbon, 0-20% manganese. 
Ingots—224 in. square, small-end-up, bottom-run. 


The steel rose 4 in. in the moulds after completion of 


teeming. 

Mould Temperatures—Cold 25° C.. hot 190° C. 
Corner samples cut at the top, middle, and bottom 
positions showed no observable difference between 
the ingots (see C and D of the data following, on mould 
wall thickness). The results are not very numerous, 


but they certainly suggest that, within the limits of 


mould temperature likely to occur in most melting 
shops, this variable has little effect on blow-hole 
formation. 


Effect of Mould Wall Thickness 

At the same time as the two 223-in. square ingots, 
already mentioned, were cast, two further ingots were 
cast on the same four-way bottom plate. These ingots 
were approximately the same size, but the moulds 
used were of very different wall thickness. Details 
are given beiow, together with figures for the skin 
thickness, measured normal to the side from a line 
joining the extremities of the blow-holes : 

Effect of Mould Wall Thickness 


Wall Ingot Skin Mould 
Thickness, * in. rhickness, in, Temp..? ¢ Rise, in 
A_-23-in. sq., plain mould 


B33 0-75 . 
M 3% 0-56 Cold 2 
T 24: (No blow-holes) 

B--25-in. sq., corrugated mould 
B 6 0-75 
M 5} 0-69 Cold 1 
T 44 (No blow-holes) 

C—22}-in. sq., corrugated mould 
B 44 0-69 
M 43 0-56 Cold { 
T 3} (No blow-holes) 

D—22}-in. sq., corrugated mould 
B 4% 0-69 
M 43, 0-5: 190 4 


T 33 (No blow-holes) 
* B = bottom, J1/ = middle, 7 top. 

[t will be seen that there is no practical difference in 
skin thickness between any of the ingots. The size 
and number of the blow-holes are also similar for each 
ingot. This result is in line with the now widely 
accepted opinion that variation in mould wall thick- 
ness within practical limits has little effect on the 
initial stages of freezing of the ingot. 


Correlation of Blow-hole Depth with Steelmaking 
Factors 

A statistical analysis was made of the data obtained 
from the examination of 53 ingot corners, each taken 
from a 10-ton balanced steel ingot from a different 
cast. The steel contained approximately 0-2°, of 
carbon and 0-6% of manganese. Significant correla- 
tions were found between skin thickness and the 
following factors, skin thickness being greater with : 
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(1) Larger ladle skulls (i.e., colder steel at teeming) 
(2) Greater aluminium additions to the mould 

(3) Longer strip-to-tap time (i.e., cooler moulds) 
(4) Lower phosphorus content. 

The correlation of skin thickness with factors (1) 
and (2) was high, but was only just significant for 
factors (3) and (4). The variation with higher mould 
aluminium is probably a reflection of a higher initial 
degree of oxidation, and it is not suggested that the 
actual additions to the mould were the cause of the 


variation, but simply a measure of the state of 


oxidation of the steel. It is hoped to extend the 
investigation of this point and to include measure- 
ments of oxygen content at tapping. 

The seeming contradiction between factor (3) and 
the work already mentioned, in which the use of hot 
moulds was found to have no effect on skin thickness, 
is explained by reference to the statistical analysis : 
it was found that on average a very large variation 
of 10 hr. in strip-to-tap time would increase the skin 
thickness by only about 0-04 in., which on skin 
thickness of about 0-25 in., as in this case, is probably 
within the limits of errors of measurement. 

Effect of Teeming Method (on Balanced Steel) 

Jackson" has carried out experiments to compare 
top- and bottom-pouring of semi-killed steel to the 
following specification : 
Sulphur 0-05 max. 
Phosphorus 0-05 max. 


Carbon 0-12-0-19 

Silicon Up to 0-055 

Manganese 0 -50—0 -65 

The ingots were 6-ton, slab-type, 35 x 19-in.; a 
number of holes, 1 in. dia. and 2 in. deep, were drilled 
in each ingot to discover the disposition of the blow- 
holes. The results were as follows : 


Chickness of Length of 
Ingot Teeming Solid Skin,in. Blow-holes. in 
A* Uphill 0-2 0-8 
c* Direct 0-2 0-2 
By Uphill 0-1 0-8 
Ay Direct 0-1 0-4 


* See Fig. 3 of reference 14. 
+ See Fig. 5 of reference 14. 
Jackson concludes that the general effects of up- 
running, compared with down-hill teeming, are : 
(1) The blow-hole zone becomes wider and the 
blow-holes become larger and more numerous 
(2) Up-runs may show blow-holes, when down-hills 
from the same cast are solid 
(3) Up-running does not give increased skin thick- 
ness, but inclines in the opposite direction. 


Scaling in the Soaking Pit 

Where blow-holes in an ingot are close to the 
surface, the amount of steel oxidized to scale in the 
soaking pit may have a large influence on the number 
of defects produced. Scaling loss measured in one 
case by examination of skin thickness before and after 
soaking-pit heating, and confirmed by examination of 
the scale formed, amounted to 0-08 in. thickness of 
steel removed. In another case the figure was about 
0-10 in. The effect of time in the soakers is shown 
in the following paragraphs. 

At one works, the standard soaking times employed 
are related to the time between tap and charge, and 
a record is kept of any * overtime in soakers ’ beyond 
the standard times. That this is an important factor 
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controlling steel defectives of certain types (mainly 90 
spongy and seamy) at these works, is shown by the | Nozzle, dia 
following figures taken at random from the works 
records for five consecutive weeks : | Ya in. Wain. | Wem. | 
SS Back 
85 —- 
- = TotA \ 
3 PY : 
G ¥ 4 \ 
a \ , 
z \ \ 
80;— \ . 
’ 
| / | 
75 4 i | 
1580 is9O 1bOO 1610 1620 1630 


Influence of Time in Soakers on Steel Defectives 
Average Overtime, hr 
On Ingots Producing 


Week On All Ingots Defective Material 
1 1-4 3-4 
2 2-0 4-33 
3 1-2 3-5 
4 1-6 3-7 
5 1-5 2-7 
Average 1-5 3:5 


It will be noted that whilst all ingots tend to be 
‘overtimed ’ to the extent of about 14 hr., ingots 
vielding defective material are overtimed to the extent 
of about 33 hr. Although it does not follow that all 
overtimed ingots will necessarily yield defective 
material, it would appear that when other factors are 
unfavourable, e.., if the ingots are unduly thin- 
skinned, it is undesirable for the time in soakers to 
he extended. 

This has been confirmed at the works in question 
by following in detail the behaviour of individual 
ingots with thin skins, some of which have been 
overtimed and others of which have not. The over- 
timed ingots have, in nearly all cases, given a higher 
percentage of defectives. In a number of cases at the 
same works, ingots whose skin thickness was known 
from ingot corner sections, have been followed through 
the mills, and a correlation has been established 
between thin skins and particular types of steel 
defectives. 

It is probable, however, that the precise behaviour 
of ingots in relation to time in soakers will vary 
considerably at different works, depending upon the 
precise degree of * balance’ in the ingots, and the 
thickness of the skin which has to be removed before 
blow-holes are exposed. Indeed, in certain cases it 
has been claimed that overtiming in soakers is a 
desirable factor which reduces steel defectives ; no 
detailed evidence on this point has, however, been 
presented to the Sub-Committee. 


EXPERIMENTS WITH EFFERVESCING STEELS 
Teeming Speed and Skin Thickness 

Jackson examined the effect of teeming rate on 
the thickness of solid skin of a number of rimming 
steel ingots from the same cast. to the following 
specification : 


7) 


0-045 max. 


Carbon 0-09-0-13 Sulphur 
Manganese 0-35-0-45 Phosphorus 0-04. max. 
Silicon Nil 


The ingots were 6-ton, slab-tvpe, 35 > 19 in.. and 
the results were as follows : 
Effect of Teeming Rate on Skin Thickness and Height 
of Primary Blow-holes in Rimming Steel 


Height of 
Primary 
Blow-holes 


Method of = Time to Fl Rise of Metal. Thickness of up Ingot 
Kunning Mould, sec. in. min. Solid Skin.in. (approx.’. ¢ 
Top 90 48 0-37 75 
Bottom 107 10 0-56 70 
'Top 110 39 0-63 75 
Bottom 211 21 0-69 56 
Top 600 7 1-87 50 
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TAPPING TEMPERATURE °C 


Fig. 21—Tapping temperature, nozzle size, and billet 
yield for 45-cwt. rimming steel ingots 


Since the rate of rise of metal in the mould is 
generally much less in bottom-running than in top- 
running, it follows that, with rimming steels, bottom- 
running will generally give a thicker solid skin. 
Teeming Speed, Temperature, and Defectives 

An examination of data, similar to that described 
for balanced steel (see p. 48), was made for rimming 
steels of the following approximate analysis : 


0-08 Sulphur 0-035 max. 
0 -25-0-30 Phosphorus 0-035 max. 


Carbon 

Manganese 
The same close limitations on the data used were 
applied, casts being rejected from the analysis for the 
reasons already given (see p. 48). The range of 
iron content of the tapping slag was 17-19%. The 
curves obtained are shown in Fig. 21. Most compvsi- 
tions are likely to produce similar curves, but the 
actual optimum temperature ranges and teeming 
speeds will vary from shop to shop. 
Yields with Top and Bottom Pouring 

In another investigation the yields of good material 
from considerable tonnages of both top- and bottom- 
poured ingots were compared, with the following 
results : 
Bottom-Poured Ingots. 


Top-Poured Ingots, all 
mostly Hot-Charged 


Cold-Charged 


Maker Yield Maker Yield, 
A HS. bk 86-3 
B 76-2 
¢ 77-2 
D 77-s 

Average 79-0 


All the ingots were rolled in one mill, and were to be 
used for similar purposes. The bottom-poured ingots 
were mostly charged hot, but those which were 
charged only black hot gave equally good results, as 
shown in the section following. 
Effect of Track Time on Yield 

To determine what effect, if any, variations in time 
from tapping the cast to charging the ingots into the 
soakers had on the vield of prime material (percentage 
sold vield), the relevant data on over 2000 casts have 
been examined. 

The casts were hottom-poured effervescing steel, 
with 0-08-0-25°%, of carbon, cast into 224-in., semi- 
closed-top moulds, for rolling into various sizes of 
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Fig. 22—Track time, surface temperature, and time 
in soakers 


billets and slabs, and were divided into two groups : 
below 0:15°% of carbon and 0-15-0-25°%, of carbon. 
They were then subdivided into groups according to 
the time from tapping the furnace to charging the 
ingots into the soakers. Groups with less than 15 
casts have been omitted from the following detailed 
analysis, but are included in the totals : 


lime between Tap Less than 0-°15°, © 0-15-0259, C 








and Charge to No. of Sold No. of Sold 
sSoakers, hr. Casts Yield, °, Casts Yield, °, 
<2} 1723 85-5 168 88-1 
21-34 270 85-8 58 —s- 86-5 
34-44 9187-3 
13-54 3985-9 ve ont 
83-94 89 86-6 37 88-0 
2259 85-6 279 87-7 


The average temperatures of the ingots, as charged 
into the soakers, and the average times for which the 
ingots were in the soakers, are shown in Fig. 22. It 
will be seen that charging the ingots when only 
black hot (500° C.), necessitating a reheating period 


of 7-8 hr., has had no adverse effect on the yield of 


prime material. 


VARIATION OF TEEMING METHOD 
WITH A KILLED STEEL 

In a works in which all the killed steel is normally 
bottom-run, two experimental casts were made in 
which part of the cast was bottom-teemed and part 
tundish-teemed. All the ingots were rolled to the 
same size of bar, and were processed on the same tube 
mill. 

In the first cast the average teeming speed for the 
bottom-run ingots was 10 in./min. (grouped on 8-way 
plates), and for the tundish-teemed 16 in./min. 
(grouped in fours). Bars from the latter ingots 
showed more serious defects—apparently originating 
mainly from splash—than those from the bottom-run 
ingots, and several bars had to be scrapped. This 
result was confirmed at the tube works, where defec- 
tives were considerably greater in the tundish-teemed 
product. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





INGOT SURFACE DEFECTS SUB-COMMITTEE 


In the second cast, steel-wool pads were placed on 
the bottom of each mould to minimize splash, and 
the surface appearance of the blooms and bars from 
the tundish-teemed ingots was much better. The 
teeming speeds were 14 in./min. for top-poured, and 
8-5 in.jmin. for bottom-poured, the grouping of 
moulds being the same. Again the ingots were rolled 
to the same size and were sent to the tube works. 
In spite of its improved appearance, the tundish- 
teemed product still gave results very much inferior 
to those of the bettom-teemed product. 


INCIDENCE OF DEFECTIVES IN VARIOUS 
PARTS OF THE INGOT 
With top-poured steels the defectives caused by 
surface defects generally occur in the part of the 
product from the bottom portion of the ingot. Data 
are given in the sections following to illustrate this 
point on a quantitative basis. 


10-Ton, Rectangular, Balanced Steel Ingots 
The following data give the weekly rejections for 
shelliness (five consecutive weeks) in the top and 
bottom halves of a large tonnage of ingots : 
Steel—- 10-0-20% carbon 
Ingots—48 x 29-in., small-end-up, 10-ton, top-run, 
mainly 1}-in. nozzles 
Product—Plates 
Shelliness in Plates from Top and Bottom Halves of 


Ingots 
Week lop Half. ‘ Bottom Half, °,, 

0-20 0-45 

2 0-13 0-44 

3 0-22 0-38 

4 0-12 0-49 

5 0-19 0 -34 
Average 0-17 0-42 


2-3-Ton, Square, Killed Steel Ingots 
The following data are average rejections, mainly 
for cracking, from ten different bar sections, the figures 


given being the mean of several thousand tons of 


ingots : 
Steel—Approx. 0-55° carbon, 1-0% manganese 
Ingots—Top-poured, wide-end-up moulds, not hot- 
topped 


Bar Defectives, °9 of Total Defective Bar- 
Ingot jar Wt., rop znd 3rd Bottom 
Wt..cwt. lb. ft. bar sar Bar Bar 
Four Bars per Ingot 
52} 32 2-8 40-8 32-4 24.0 
514 31-6 4-7 42-8 35-7 16-8 
44 26-2 1-0 54-0 22-5 19-5 
46 25 3-6 37-2 25-0 34-2 
34 20 5-5 24-7 29-6 40-2 
Three Bars per Ingot 
65 42 3-2 48-0 48-8 
58 32-5 8-1 16-9 45-0 
58 31-6 6-3 47-1 16-6 
524 28-3 5+] 18-3 46-6 
Two Bars per Ingot 
463 38 27-0 73-0 


The conclusion to be drawn from these data is that 
the top third or quarter of the ingot in this case is 
much the best with regard to defects. 
4-Ton, Bottom-Poured, Killed Steel Ingots 

Whilst it was already known that, generally, with 
top-poured steels, most defectives occur from the 
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bottom portion of the ingot, it was not known whether 
this was the case with bottom-poured steel. The 
product from one such cast was therefore followed 
through to the billet stage, and the dressing times on 
billets from different positions in the ingots were 
compared. The results were as follows : 
Steel—0 -43% C, 0-819, Mn. 0-18% Si, 0-084°5 S, 
0-022% P 
Ingots—22}4-in. 
bottom-run 
Mould Dressing—Tar 
Yield of First-Grade Material—s4-.0% ; 
0-2% 


square, small-end-up. brick top, 


defectives 


Dressing Time according to Billet Position 
(Four billets 4 in. square by 30 ft. per ingot) 
Mean Time per 


Billet. min. Range, min. 
Bottom billets 94 | 
2nd from bottom 1 l 999 
3rd from bottom 23 f 7 
Top billets S J 


The second billets gave the best results, only one 
out of a total of 21 requiring any dressing. The 
bottom billets gave the poorest results. 


Billet dressing times for each of the four plates of 


ingots were noted, and showed little difference : 


Dressing Time according to Casting Position 


Ingot Groups Dressing Time. min. 
Ist (5 ingots) 70 
2nd (5 ingots) 105 
3rd (6 ingots) 90 
4th (5 ingots) 70 


1-Ton, Bottom-Poured, Killed Steel Ingots 

An investigation was carried out on 1]-ton ingots 
rolled to 63-in. square section ; after top and bottom 
crops had been removed the ingots were cut into two 
blooms, the top weighing 1020 Ib. and the bottom 
600-700 lb. The blooms were classified according to 
the predominating defect (where any defect required 
rectification). Rolling laps were omitted. Details of 
the ingots and the average results of 51 casts, each 
of 14 ingots, are given below : 


fop Bloom, Bottom Bloom, 
Defect % “o 
Pull cracks 6-7 13-2 
Shell, splash, seams, and 
minor defects 1-S 13.2 


These results, and those of the previous investiga- 
tion on 4-ton ingots, indicate that. even with bottom- 
pouring, the majority of defects occur in the lower 
portion of the ingot. 


4-Ton Effervescing Steel Ingots 

Figure 24 shows 5-in. dia. bars rolled from the 
bottom ends of two 22}-in. sq., bottom-run effer- 
vescing steel ingots. The steel was somewhat turbu- 
lent as it entered the moulds, and, owing to the loss 
of the stopper end after casting the first plate of 


. ingots, it was not possible to steady the stream at the 


start of casting of the subsequent groups. The bars 
from the latter ingots were free from cracks and seams, 
but those from the bottom ends of the ingots were 
very shelly. 
DOUBLE SKIN FORMATION 
An investigation on the formation of the defect 
known as ‘ double skin ’ or * curtaining * has already 
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been carried out by Walker!; in his paper he dis- 
cussed the mechanism by which this defect is formed, 
and the reasons why it is found less frequently with 
tarred or with badly crazed moulds. 

In a similar investigation at a different works, ingot 
‘shells ’ were formed by opening the ladle nozzle for 
a few seconds only, as follows : 

Thickness of Ingot* Shell’ dueto Splash 


Maximum shell 


Stopper Opening Mould Thickness, in 
Part open for 8 sec. Tarred 0-45 
Part open for 8 sec. Not tarred 0-37 
Fully open for 2 sec. Not tarred 0-20 


The shell formed in the tarred mould was much more 
uniform than the others. A cross-section halfway up 
this shell, about 0-25 in. thick, was examined micro- 
scopically and chemically, and it was found that the 
outside surface layer was hyper-eutectoid, containing 
just over 1-0% of carbon, whilst the inner layer con- 
tained 0-5% of carbon. However, the pit sample of 
the steel cast showed only 0-05°, of carbon ; thus, 
a very pronounced pick-up had occurred. 
The author suggested that, in preventing shell 
formation, the dressing acts in the following ways : 
(1) By providing insulation which prevents loss of 
temperature in the shell 
(2) By producing a steel of low melting point which 
readily welds to the main part of the ingot 
(3) By providing a non-oxidizing atmosphere in the 
mould, which reduces oxide formation on the splash. 
It is reasonable to suppose that the thinner shell 
formed with rapid stopper-opening cools more rapidly 
than a thick shell, and thus does not so readily weld 
to the following metal. 


Splash Cans and Steel-Wool Pads 

The use of splash cans and steel-wool pads, as a 
means of minimizing bottom splash and double skin, 
has been advocated, but results evidently depend upon 
various conditions, such as size of ingot and shape 
of mould bottom, which vary at different steelplants. 
The object of the experiments noted below was to 
decide whether splash cans or steel-wool pads were 
beneficial when used under the following conditions : 
Analysis : 


Steel—Hot-metal basic open-hearth. 
Si, 0-05% S. 


0 -50-0 -60% C, 0-90-1-20°% Mn, 0-12% 
0-05% P 

Product—95-lb./yard, B.S.S. 9, bullhead rails 

Ingot Moulds—34-ton capacity, wide-end-up, closed- 
bottom ; roughly square section with fluted corners ; 
24 in. square at top, 21 in. square at bottom, internal 
height 6 ft. The closed mould bottom was roughly 
hemispherical (concave) and about 9 in. radius 

Method of Pouring—Top-poured in pairs ; 
dia. fireclay nozzles. 


1}-in. 


Experiments with Splash Cans 

The splash can consisted of a welded cylinder of 
20-22-gauge, soft steel sheet, 15 in. dia. and 2 ft. long. 
At four equidistant points around the circumference 
two slits were made, and tags were bent outwards to 
locate the splash can centrally in the mould. The 
four bent-out tags fitted into the ingot mould corners. 

Four casts of steel were made in different furnaces 
at different times, producing 137 ingots of which 12 
went to stock, leaving 125 ingots closely observed 
through all processes. Of the 125 ingots, 55 were 
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from moulds fitted with splash cans, the remaining 
70 ingots having no splash cans. 

Moulds with and without splash cans were arranged 
alternately under the twin nozzles so as to equalize 
peculiarities of any particular nozzle and stopper 
assembly. In all cases the moulds were coated with 
the anhydrous tar mixture normally employed, and 
were fitted with one steel-wool pad (see the section 
following) on the mould bottom. 

The ingots were stripped hot, and were charged 
direct to soaking pits. After soaking, all were cogged 
to the same bloom size, and after reheating were rolled 
to give three rails per ingot. 

The finished rails were examined when cold by rail- 
bank inspectors of long experience. In only one of 
the four casts the splash-canned ingots gave 1% less 
surface defects. On the result of the whole experi- 
ment the splash-canned ingots gave 1-3°, more 
surface defects than normal ingots not fitted with 
splash cans. 

Experiments with Steel-Wool Pads 

In these experiments all steelmaking, casting, mould 
conditions, etc., were as ‘already outlined, and steel- 
wool pads were used in the bottom of certain ingot 
moulds as described below. 

The pads were of very fine steel ribbon in the shape 
of a shallow cylinder, 2 in. high and 14 in. dia., 
weighing 0-85 lb. In an early experiment it was 
found that one steel-wool pad did not produce any 
noticeable reduction in the number of surface defects. 
In a further trial, therefore, three steel-wool pads 
were used in the bottom of each mould for a total of 
680 moulds (7.e., 20 casts of rail steel), and the results 
were compared with those from 1360 moulds (7.<«., 
40 casts of rail steel) fitted with one pad. 

These results indicated that an average of 2°, less 
defects was found in the casts fitted with three steel- 
wool pads to each mould. 


MOULD DRESSINGS 
Comparison of Dehydrated Tar and Bituminous Paint 

The use of a proprietary bituminous paint or lacquer 
as a mould dressing for killed steels has become fairly 
widespread in the last few years, and in a number of 
steelworks has replaced dehydrated tar. It was 
therefore decided to collect together data and ex- 
perience by means of which these alternative materials 
could be compared, and the results are given below. 
Either material can be applied to moulds by brush, 
mop, or spray gun. 

A firm making plain carbon and alloy steel ingots 
from ? to 30 tons weight, and now using bituminous 
paint, states that although more expensive than tar, 
it has the following advantages : 

(1) A general improvement in ingot skin is obtained 

(2) It is cleaney to handle than tar 

(3) There is less smoke during casting. ensuring a 
better view of the rise of metal in the mould, and thus 
better control of the teeming rate 

(4) The painted surface does not collect shop dust 
as readily as a tarred surface, as it dries more quickly. 

Another firm states that a particular advantage is 
that it is not hygroscopic. 

To determine whether any real improvement in 
ingot quality is obtained by using this paint. one firm 
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compared the percentage defectives on a number of 


casts of steel for axles with those obtained using the 
special dehydrated tar normally used. The results 
were : 
Bituminous paint (mean of 12 casts): 4-0% defective 
Dehydrated tar (mean of 16 casts) : 4-2% defective 

In a subsequent trial at the same works, saleable 

yields of a number of casts were compared : 
Bituminous paint (mean of 12 casts) : 66-8% yield 
Dehydrated tar (mean of 22 casts) : 66-7% vield 

These differences were not considered to be signifi- 
cant, and the use of the paint was not justified, owing 
to its higher cost. 

A firm making a wide range of killed steels of 
varying ingot sizes carried out trials with the following 
dressing materials : 

(1) 3-pint of 90% silicon powder in 2 gal. of molasses 

(used on one type of stainless steel only) 

(2) 8 oz. of aluminium powder in 2 gal. of tar 
(3) Two types of bituminous paint. 

In no case, however, did these dressings give better 
results than the dehydrated tar used in normal 
practice, which has therefore been retained. In 
other instances (a) improved results, and (b) less 
satisfactory results were stated to have been obtained 
by substituting the bituminous paint for tar. 

A further development is the addition of aluminium 
powder to bituminous paint. In view of the consider- 
ably improved ingot surfaces reported by one firm, 
on rising quality steels, tests have been made by two 
other firms. In one instance, eight 2}-ton, bottom- 
run moulds were used throughout their lives with the 
dressing, alongside other moulds coated with the wax 
dressing normally used at this works. The steel cast 
into them was fully killed steel for seamless-tube 
manufacture, and no difference in ingot surface was 
observed during the trial. The set of eight moulds 
had a life equal to the normal obtained with wax- 
dressed moulds. 

On two other casts, 16 moulds from the set of 40 
in each cast were dressed with bituminous paint 
containing aluminium powder, and the remaining 24 
moulds were dressed with wax. The ingots were all 
rolled under identical conditions to the same size of 
bar, which was worked on the same tube mill. The 
final product from the tube works showed no signifi- 
cant difference between the two dressings. 

It was concluded that, in this instance, no special 
advantage was gained with the aluminium-containing 
paint. 

In another instance 64-cwt. 12-sided moulds 
(A) cleaned only, (B) dressed with bituminous paint, 
and (C') dressed with bituminous paint containing 
aluminium powder, were used side-by-side and in 
random arrangement for En 16* quality steel, top- 
poured. On one cast, which was fully examined, the 
results were briefly as follows : 

Group A: 7 of the 8 ingots were badly cracked 

Group B: 7 of the 8 ingots were slightly cracked 

Group C: All of the 10 ingots were slightly cracked 
Group B presented the best ingots, cracking being 





* The specification of En 16 is: 0-25-0-40% C, 1-3- 
1-8% Mn, 0-35% Si max.. 0:059% S max., 0-:05% P 
max., 0-2-0-.4% Mo. 
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confined to the heads. Group C presented a fairly 
satisfactory group, but cracking occurred at any 
portion of the ingot surfaces. 

The billet dressing times required were 12-7, 4-8, 
and 8-8 hr./ton for groups A, B, and C, respectively, 
and the actual rejections for surface defects were in 
the same order. 

These results, which were confirmed by other casts 
in which the bituminous paint either alone or with 
aluminium was used, showed that a real benefit was 
obtained by using the bituminous paint, but that 
no further advantage accrued from the aluminium 
addition to the paint. 


Development of a Rapid Method of Mould Dressing 

Comprehensive mould-dressing trials have been 
made by a firm making a large tonnage of 4-ton, top- 
teemed, rimming-steel ingots. Until 1946, the prac- 
tice at this firm was to brush the moulds with tar 
from the top, with the result that the bottom portion 
of the mould received little, if any, treatment, and 
the main ingot defect experienced was shell formation 
at the base of the ingot. 


Attention was therefore given to improving the 
standard of mould dressing, the main object being 
to eliminate shell formation near the ingot bottom. 
The moulds were well cleaned with a wire brush, 
then thoroughly brushed with tar for the bottom 4 ft., 
it being necessary to lay the mould on its side to make 
the operation effective. Ingots from moulds so 
treated, even under adverse casting conditions, 
showed very little shell formation and, in general, 
the ingot surface was particularly good. The bars 
from these ingots had very good surfaces, comparative 
freedom from ‘scabby’ defects, and the amount of 
dressing of the bars and the percentage rejections 
were considerably reduced. 

To simplify the method of dressing the moulds, so 
that all moulds could be dressed fairly quickly to 
keep pace with the normal plant production, trials 
were carried out with a view to reproducing the 
results already obtained by careful brushing and 
tarring, and particularly without having to lay the 
mould on its side. These trials were carried out on 
either a semi-production or a full-production basis, 
and covered a considerable number of moulds. The 


Table III 
DEVELOPMENT OF RAPID MOULD-DRESSING METHOD 


(Temperature of mould before setting is normally 60-80° C.) 





Mould Treatment Result 


Reasons for Discontinuing 





residue oil to depth of 4 ft. 


(1) Dipped in bath of coke-oven | Definite improvement on _ early | (a) Excessive fumes and the possi- 
practice. Ingots stripped easily | 


| 


bility of explosion when the 
| moulds were set on hot bottom 
| piates 

| (6) Supply difficulties 





(2) Dipped in mould varnish 


| 
Tank ignited when a warm mould | Flash point too low for safety 
was dipped during first trial | 
| 
t 





compressed-air jet 


(3) Dipped in 25% lamp-black and | First results encouraging, but | Black residue considered to be 

water mixture, stirred by black residue 
moulds and ingot surfaces due 
to high ash content 


developed on giving rise to surface defects 





immediately after stripping 


(4) Dipped in 2% brine solution | Ingots only of normal quality 


No improvement on normal 





immediately after stripping 
and before setting in 20% low- 
ash-graphite/water mixture, 
stirred by compressed air 


(5) Dipped in 2% brine solution | Improvement on (4) 


Moulds appeared to be suftering 
from effect of hot dips in brine ; 
crazing action apparently con- 
centrated ; also excessive steam 
in stripping bay 





Stirred by air. Moulds dipped 
after stripping and again be- 
fore setting 


(6) 20% low-ash-graphite/water, | Ingots improved in appearance. | Hot dipping dangerous ; continued 
Stripped readily 


dipping before setting only 





water before setting : 14 Ib. 
mould wax to each mould 
immediately before teeming 
and tarring. 
easily 





(7) Dipped in 20% low-ash-graphite/ | Most satisfactory results to date. | Present practice 
Ingots superior to all previous 
practices and approached results 
obtained with thorough brushing 
Ingots stripped 
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results are summarized in Table III. The practice 
described under treatment (7) in Table III was the 
most satisfactory, the results closely approaching 
those obtained in the efficient tarring trials. 

In addition to the trials described in Table III, a 
small number of moulds were tar-sprayed for the 
bottom 4 ft., and a small number were treated by 
standing the mould over a tar inlet and washing cold 
tar into the mould for a height of 4 ft. In the first 
of these methods, difficulty was experienced in 
obtaining a satisfactory coating, the spray being 
operated from the top of the mould. 

Insufficient moulds have been treated, so far, by 
the second method, to enable a definite opinion to 
be formed, but first appearances suggest that ingots 
from moulds so treated are not as satisfactory as 
ingots from moulds thoroughly brushed and efficiently 
tarred. 

The practice at present in operation (summarized 
under treatment (7) of Table III) is as follows : 

After stripping, the moulds are laid in the normal 
upright position on the stripping-bay floor and are 
used in rotation, aiming at two uses per 24 hr. Before 
setting a mould on the casting bogie, the temperature 
may be about 100° C., but after dipping in a mixture 
of low-ash graphite (20°) and water, the temperature 
is in the region of 80°C. Immediately before teeming, 
approximately 14 lb. of mould wax are added to each 
mould. This seems to coat the mould surface with 
a carbon deposit, and acts as an additional coating 
to the graphite wash on the mould. 


Use of Tar on Crazed Moulds 

The suggestion has sometimes been made that the 
use of a mould dressing on badly crazed moulds results 
in sub-surface blow-holes in otherwise sound ingots. 
Two trials have been made to determine whether 
this is so. In each case two nearly new moulds and 
two old moulds, badly crazed, were set up on one 
bottom plate, one new and one old mould being 
dressed with tar in the usual way, and one new and 
one old mould being used without any dressing. 
Conditions of the trials were as follows : 

Ingots—19-in., 12-sided, fluted ; bottom-run 
Steel—Tyre steel, 0-50-0-70% carbon. 

A 2-in. slice was cut from each ingot and examined 
by polishing and sulphur-printing. In the first test 
the slices were cut 3 in. below the head, and in the 
second 18 in. from the bottom, corresponding to the 
position of maximum crazing of the mould. Examina- 
tion of the sulphur prints and visual examination of 
the slices showed that slight traces of porosity were 
present beneath the skin in all cases, and that in this 
respect there was no difference in the ingots from the 
new or the old moulds, nor from the tarred or the 
untarred moulds. 

In the absence of dressing, however, there was some 
surface lapping in the slices cut from near the top of 
the ingots from both new and old moulds. 

From this work there is no evidence that tar pro- 
duces surface or sub-surface blow-holes when used 
on crazed moulds. The effect of the dressing in 
preventing surface lapping with the slow casting speed 
required for this quality of steel was demonstrated. 
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Carbon Pick-up from Mould Dressings 

In addition to the information from ingot shells 
already mentioned, figures obtained some years ago 
on the composition of surface layers taken from 
stainless-steel ingots have been supplied. 

Ingots were cast in moulds on which three different 
dressings were used, and in a mould with no dressing, 
and carbon estimations were made on progressive cuts 
inwards from the face to a total depth of approximately 
#; in. The results are given below : 


Carbon Pick-Up from Various Mould Dressings 


Position, /.¢., Cut Carbon, °, Position, é.e..Cut Carbon, °, 
Oil Tar 
Ist 0-195 Ist 0-36 
2nd 0-15 2nd 0-15 
3rd 0-10 3rd 0-105 
4th 0-095 {th 0-10 
Bituminous Paint No Dressing 

1st 0-155 Ist 0-085 
2nd 0-145 2nd 0-08 
3rd 0-10 3rd 0-08 
4th 0-095 4th 0-085 


In view of these results it was decided that no 
dressing should be used for stainless steels containing 
less than 0-1% of carbon. 


Use of Mould Dressings with Balanced Steels 

Balanced steels are usually poured into moulds 
which are either left uncoated or are ‘reeked’ or 
smoked by burning oily rags. An experiment was 
carried out by one firm to determine the effect, on 
ingots of this type, of a lacquer (bituminous paint) 
dressing. Previous experience of this firm had been 
that, with balanced steel, the use of mould dressings 
increased the occurrence of ingot cracks. Ingots from 
a lacquered and from an uncoated mould were com- 
pared, under the following conditions : 

Steel—0 -19% C. 0-61°4 Mn, 0-037% Si, 0-05°,, S, 

0 -032% P 

Ingots—25-in. square, top-run; 90-100 sec. to fill 
moulds 
Mould Dressing—Lacquer at 0-4 oz./sq. ft. ; moulds 
dressed at about 35° C., 24 hr. before teeming. 
It was observed that in the lacquered mould the steel 
was less ready to ‘wet’ the surface. Both ingots 
set level, but the ingot in the uncoated mould broke 
through slightly at one corner. 

Examination of the ingots when cold showed that 
both had a number of cracks, that from the lacquered 
mould having the greater number. This ingot also 
had numerous small skin holes in its surface. Double- 
skin formation was less with the lacquered mould. 
Corner samples taken in three places from each ingot 
showed that the ingot from the lacquered mould had 
much the larger blow-holes, these being located at 
various depths below the ingot surface. Additional 
internal and longitudinal corner cracks within the 
steel were also observed in the ingot from the coated 
mould. 

Similar results were obtained when using a dressing 
composed of equal parts of tar and light oil. 

The results of both tests confirmed the previous 
experience of this firm, viz., that the use of mould 
dressings on this class of steel increased the number 
of defects due both to cracking and to sub-surface 
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blow-holes. Double skin formation was reduced. It 
would appear, therefore, that with balanced steel, any 
mould dressing should be applied only to the bottom 
end of the mould. 


MOULD SURFACE CONDITION AND STEEL 
QUALITY 

The effect of worn or crazed mould surfaces on the 
quality of the steel produced has not been very easy 
to determine. Casts of steel are normally teemed 
into sets of moulds of miscellaneous ages, of which 
the inner surface condition varies from smooth to 
heavily crazed, and it has not generally been found 
practicable when processing the product to make 
separate returns for each ingot. 

This difficulty has been overcome in one instance 
by assembling sets of moulds all of the same age. 
The products from a considerable number of 80-ton 
casts in sets of new or nearly new moulds were then 
compared with the products from sets at other stages 
of their lives. In other instances special arrange- 
ments were made to follow through individual ingots 
to the semi-finished product stage, these tests being 
necessarily on a more limited scale. 

Killed and effervescing steels are dealt with 
separately ; no tests on balanced steels have been 
made. 


Killed Steels 
Of the series of 80-ton casts in sets of 20 moulds, 
all of the same age, 21 were of killed steels, details 
of which were as follows : 
Steel—0 -35°% carbon and above, for wire and 
springs 
Ingots—22}-in. square, corrugated, small-end-up ; 
bottom-run 
Mould Dressing—Tar 
The ingots were charged to the soakers at an average 
of 23 hr. after tapping the furnace, and remained 
there for an average of 4} hr. The yield of saleable 
material from.each cast was used as an index of the 
amount of defectives in the cast. 
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Fig. 23—Relation between age of mould and yield of 
semi-finished product. (a) Fully killed steels with 
more than 0.35% of carbon, and (6) effervescing 
steels 
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These yields are plotted in Fig. 23a; there is 
considerable scatter in the yield, but as far as it is 
possible to tell, there is no indication of any effect 
of the age of the mould (up to 80 lives) on the quality 
of the product. 

A further set of moulds of this type, but with plain 
faces instead of corrugated, was kept together for 
120 lives, at which stage it still contained 80% of the 
original moulds. The casts in this set included 25 
of medium-carbon steel (0-40-0-80% C) and 17 of 
free-cutting steel. No decrease in yield of saleable 
product was found up to at least 80 lives, thus con- 
firming the earlier result, but some falling-away of 
quality at above 100 lives occurred, as shown below : 


Age of Moulds and Yield of Killed Steels 


0-4-0°8°, Carbon Steel Free-Cutting Stee! 

Ave of Moulds, No. of Yield No. of Yield 
lives Casts eo, Casts o 

0-40 5 88-3 2 S1-1 

20-60 s 89-1 2 85-0 

40-80 4 90-1 2 85-0 

60-100 3 91-1 5 83-6 

80-120 5 87-9 6 81-7 


The scaling loss in the soakers in this test amounted 
to approximately 2%; this is equivalent to the 
removal from the surface of the ingots of a layer 
about 0-1 in. thick, which suggests that even a 
considerable craze pattern on the ingot surface would 
be removed. It is likely, however, that if the mould 
surface had deteriorated sufficiently to cause sticking 
of the ingot the irregularity produced would not be 
completely removed in the soaking pit. Any sticking 
in the mould may also cause the ingot to crack, owing 
to hindrance to contraction. This may explain the 
somewhat lower yield obtained in this case with 
moulds of above 100 lives. 

Further evidence is available from a test carried 
out on a plate of 8 bottom-run, 12-sided, fluted moulds 
used for ingots for tube making. These moulds, 
which are kept together in sets, show marked crazing 
after about 110 lives, when they are normally with- 
drawn. For this test, one plate of 8 moulds was 
retained in service when the rest of the moulds in 
the set were withdrawn at 115 lives. They were used 
alongside the new replacement moulds until scrapped 
at 152 lives, when one had developed a severe major 
crack. 

During the period beyond their normal life, as 
many observations as possible were made on the 
cogging and rolling of ingots produced, and dressing 
reports on the rolled product were obtained. There 
was nothing to suggest that the product from these 
moulds was inferior to that from the new moulds in 
the pit. 

The ingots from the casts corresponding to mould 
lives of 146, 149, 150, 151, and 152, were all rolled to 
the same size of bar and were sent to a tube works 
where the mill was known to be most searching as 
far as surface defects were concerned. In each of 
the five casts, bars from the old moulds were kept 
separate from those from the newer moulds, which at 
the time were at lives 31-37. It was found that tube- 
making defectives were substantially the same 
whether the bars originated from the old or from the 
new moulds. 
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An example of a cracked ingot from a 22}-in. square 
mould, 200 lives old, is shown in Fig. 25. The bottom- 
run ingot was teemed at 12 in./min., and had the 
following analysis : 


° o 
°o o 


Carbon 0-36 Sulphur 0-034 
Siticon 0-196 Phosphorus 0-023 
Manganese 0-74 . 


This ingot had to be forced from the mould with the 
stripper ram. The effect of restriction cracks is seen 
in Fig. 27, which shows a 12 x 9-in. bloom from the 
seabby area of the ingot, pickled to remove scale. 

Two further investigations were made on basic 
open-hearth rail-steel casts. The analysis of the first 
cast was: 

C 0-55, Mn 1-10°,. Si0-11%%, 8 0-050, P 0-035 °, 


The cast was teemed into six new moulds (average 
life 5) and six old moulds (average life 68). The 
moulds were teemed in pairs arranged so that each 
stream went into an old and then a new mould. ‘The 
ingots were given as nearly as possible identical 
soaking treatment, the time from teeming to soakers 
being 1? hr., and the time in soakers 6 hr., and were 
rolled into 60-ft. bullhead rails. The 36 rails produced 
were inspected in the normal way. Of the 18 from 
the old moulds, six were rejected for surface defects, 
while of the 18 from the new moulds only one was 
rejected. 

In the second experiment on rail steel, made at 
another works, two casts were teemed alternately into 
old and new moulds. The six old moulds used were 
of lives 81 to 117, and showed moderate or severe 
crazing, and some wear at the bottom ; three of the 
moulds also had one or more sides scored. The six 
new moulds were of average life 11. The analyses 
of the casts were : 


C,% Si, % 8, % P, % Mn, % 
Cast 1 0-54 0-14 0-055 0-042 1-19 
Cast 2 0-58 0-13 0-038 0-037 1-14 


The ingots were stripped without trouble 1} hr. 
after teeming, and after cogging and reheating they 
were rolled into 107-lb./yard, flat-bottom rails. 

The surfaces of the ingots of the first cast were 
observed after teeming, and the following features 
were noted : 

(a) The ingots from the old or worn moulds showed 
more adhering splash. The wear at the bottom of the 
moulds gave rise to scales at the bottom of the ingots 

(6) Double skin (curtaining) was more pronounced 
in the ingots from the new or unworn moulds 

(c) Some slight transverse cracking was observed, 
following the double skin on two ingots, cast in new 
moulds. 


The results of inspection of the rails, given below, 
show that the use of old moulds with worn surfaces 
as described had no detrimental effect on the surface 
of the finished rails. 


Results of Surface Inspection of Finished Rails 


Cast 1 Cast 2 
Number of rails rolled 72 66 
Total length of rail rolled 3240 ft. 2970 
Total length of defective surface 193 in. Nil 
(0-050 °%) 
Length of defective surface (new 18 in. Nil 


moulds) 
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Cast 1 Cast 2 
Length of defective surface (old 14 in. Nil 
moulds) 
Total length of rail rejected from 30 ft. Nil 
order (0-925 %) 
Length of rail rejected from order 15 ft. Nil 
(new moulds) 
Length of rail rejected from order 15 ft. Nil 


(old moulds) 

The experiments on rail steel just described at 
first sight seem to give contradictory results. The 
contradiction is perhaps explained by the following 
considerations : 

(1) In the first case the rails were rolled direct 
from the ingot without reheating. The reheating 
after cogging, in the second case, allows any shallow 
surface defects in the blooms to be removed by 
scaling. 

(2) In the first case, bullhead rails were rolled, 
and in the second, flat-bottom rails. Less work is 
put on certain parts of the bullhead rail than on 
similar parts of the flat-bottom rail, and thus ingot 
defects are more likely to persist to the tinished 
rail. 

Neither of these experiments on rail steel was on a 
scale sufficient for them to be regarded as conclusive. 
even for the particular practice concerned. They are 
included in this report mainly to show that the 
production of rail steel is a case in which the effect of 
the condition of the mould surface is worth investiga- 
tion, and to illustrate that this effect will depend 
largely on the heating and rolling practice. 

A result obtained recently in another works is of 
interest. It applies to the making of 21}-in. dia. 
round ingots in an electric furnace plant. A very 
heavy mould is used. Until recently, moulds were 
discarded at 150 lives as it was thought that the 
degree of crazing then reached was the limit beyond 
which defective surfaces would be likely to react on 
the product, seamless tubes. Carefully controlled 
trials have proved, however, that the moulds may 
safely be kept in use as long as the ingot will strip 
easily, with no adverse effect on the quality of the 
product. The moulds are now discarded at an 
average age of 200 lives. Details of the trials are 
given below : 

Moulds—Round, open bottom 

Steel—Fully killed, plain carbon, 0-15-0-23°, C. 

Running—Bottom-run, 5 or 6 per plate 

Tapping Temperature—1590-1620° C, 

Teeming Rate—5-8 per min. 

Mode of Failure—Entirely crazing, major cracking 

almost unknown 

Mould-Weight/Ingot-Weight Ratio—2-1 

Mould Consumption—32 |b./ton at 150 lives 

24 Ib./ton. at 200 lives 
Balanced Steels 


Seven 10-ton rectangular moulds were kept together 
throughout their lives. The moulds were used for 
casting ingots in the composition range ()-18—-0-22% 
carbon, 0-50-0-65°% manganese. After soaking for 
an average time of about 7 hr., the ingots were rolled 
to slabs, and to plate after reheating. The percentage 
of slabs requiring dressing before further rolling was 
used as a measure of slab quality, and this is related 
to mould life in the following figures : 
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Fig. 27—12 in. by 9 in. bloom rolled from ingot shown in Fig. 25a, showing cracks 
associated with scabby place on ingot 
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Fig. 28—12 in. by 9 in. blooms rolled from (a) bottom, (b) top, and (c) middle of the 
scabby ingot shown in Fig. 26a 
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Relation between Mould Life and Proportion of Slabs 
Requiring Dressing 
Charged Wt. of 
Ingots, tons 


Slabs Requiring 


Mould Life Dressing, % 


1-15 1078 4-90 
16-30 1062 9-26 
31-45 1085 5-02 
46-60 1072 9-08 
61-75 1059 7-47 
76-90 958 7-49 
91-105 737 8-72 

106-120 356 7-18 
121-135 82 5-90 


There appears to be no effect of mould life on the 
proportion of slabs requiring dressing. An additional 
check on the time required to dress-out defects showed 
that this also was unrelated to the age of the moulds. 


Effervescing Steels 

Three investigations have been carried out on 
effervescing steels ; in one, as with the killed steels, 
sets of moulds all of the same age were used. Details 
were as follows : 

Steel—All below 0-25% carbon 
Ingots—22}-in. square, corrugated, 

bottom-run. 
Sold yields of 71 casts, each of about 80 tons, were 
compared, the results being shown graphically in 
Fig. 236. A slight falling-off in yield can be seen for 
mould lives above 60, but this is due chiefly to the 
results from four casts on which the cast histories 
were such that poor results might be expected, for 
reasons not connected with the moulds. Whether or 
not these four cast results are included, the average 
yield from moulds of lives above 60 is not significantly 
different from the yield from moulds of lives below 60. 

In a further series of casts in a set of plain-faced 
moulds, a slight falling-off in yield at above 100 mould 
lives was found, as with the killed steels: 


Age of Mould and Yield of Effervescing Steels 
Age of Mould. 


smaill-end-up, 


lives No. of Casts Yield, % 

0-40 19 88-7 
20-60 15 88-6 
40-80 20 88-7 
60-100 22 89-5 
80-120 17 88-0 


In the second investigation, in which the steel 
analysis was 0-11°% of carbon and 0:38% of manga- 
nese, a cast was top-teemed into six new, six 
moderately crazed, and six very crazed, moulds, and 
the ingots were followed through to the final product, 
viz., tinplate. The product from each ingot could 
not be followed separately, so that comparison could 
be made only between the three batches of tinplate. 
This was done by means of the percentage of ‘ wasters * 
considered to be due to defects in the steel and was 
carried out in the tinplate works by the normal 
inspectors. The results, given below, showed that 
the new and moderately crazed moulds gave a pro- 
portion of wasters considered about normal, whilst 
the very crazed moulds gave only half as many : 


Tinplate Wasters and Crazed Moulds 


Condition of Moulds Wasters*, % 


New 8-5 
Moderately crazed 8-5 
Badly crazed 4-3 


* Excluding tinning defects. 
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These results have not yet been confirmed ; more 
work of a similar nature under strict statistical control 
is very desirable, since the variations in yield of good 
sheets are quite high. 

In the third investigation special attention was 
given to an ingot cast in a very old and worn mould, 
details of the cast being as follows : 

Steel—0-17% ©, trace Si, 0-56% Mn, 0-048% 8, 

0-039 %, P 

Ingot—22}-in. square, small-end-up, semi-closed-top 
mould, 191 lives, bottom-poured. 
The ingot stuck in the mould and had to be forced 
out with the ram. A very scabby surface resulted, 
as illustrated in Fig. 26. Corner samples showed 
that the ingot had a solid skin 3-} in. thick. 

The ingot was allowed to cool down for examination, 
and was afterwards reheated and cogged to 12 x 9-in. 
blooms (see Fig. 28). The blooms were examined 
cold, and all the surfaces were found to be good. 
No differences could be detected between the areas 
coinciding with the scabby places on the ingot and 
those free from such scabbiness. It was noted, how- 
ever, that bad shelly places occurred on the corners 
where the corner samples had been taken. 

The blooms were later re-rolled to 24-in. square 
billets, and a number of samples representing both 
the scabby and the normal areas were up-ended. 
Again no differences were found. 

This experiment confirmed that even the use of a 
very badly worn mould for a thick-skinned effervescing 
steel ingot of this type does not give rise to any 
surface troubles, in either the bloom or the billet 
stage, but a localized defect occurred due to the 
exposure of the blow-holes as a result of corner 
sampling. 
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Thermodynamic Aspects of the Movement of Sulphur 
between Gas and Slag in the Basic Open-fearth Process 


By F. D. Richardson and G. Withers 


SYNOPSIS 


A theoretical study is made of the sulphur equilibrium between a basic slag containing sulphur and the 


furnace gases in the open-hearth process. 


It is concluded that the higher the slag temperature and the more 


complete the degree of combustion of the gases coming into contact with the slag surface, the less chance 


there is of the slag picking up sulphur from the gas phase. 


The combustion limits which are required at 


the slag surface in the presence of gases of various sulphur contents, to avoid pick-up in the refining period, 


have been calculated. 


It is suggested that if these limits can be exceeded in practice, it should be possiblé to 


pass sulphur from metal to gas via the slag at the same time as oxygen is passed from gas to metal. 


Introduction 


HE total quantity of sulphur which goes through the 
open-hearth furnace in the furnace gases is 
frequently ten or more times the total quantity 

occurring in the ingoing liquids and solids. It is well 
recognized that it is of great importance to minimize, 
as far as possible, the pick-up of sulphur by the 
exposed metal during the melting-down period. It is 
generally agreed that this can be done by keeping gas 
conditions in the furnace as oxidizing as possible, and 
so decreasing as far as practicable the area in which 
the melting metal is in contact with unburned or 
partially burned gases of a reducing character. 

The reactions in which sulphur is involved may be 

represented as follows : 
a | Tee (1) 
SO, + 2Fe = 2FeO + [S]..........0000 (2) 


The square brackets indicate that the sulphur is 
dissolved in the metal; the FeO in equation (2) 
represents free iron oxide. Existing knowledge of the 
thermodynamics of these two reactions shows that 
it is normally impossible to avoid pick-up completely, 
however oxidizing are the conditions, since the 
equilibria lie well to the right in both cases. In 
practice, however, it is possible to reduce this pick-up 
by keeping conditions oxidizing and so covering the 
melting metal with a protecting layer of oxide as 
speedily as possible.* 

Whether or not this pick-up of sulphur by the 
charge from the furnace gases can be avoided once 
the metal becomes covered with a basic slag, is 
apparently not known. 





* The mechanism for this protection is probably very 
similar to that described in this paper for the basic slag. 
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If the slag does pick up sulphur, it will obviously 
be hindered in its work of desulphurizing the metal. 
The matter is therefore of importance in the manu- 
facture of low-sulphur steels with high-sulphur fuels. 
In this paper an attempt has been made to calculate 
the conditions under which this pick-up by the slag 
can be avoided. 


NATURE OF THE SLAG EQUILIBRIA 


The nature of the slag—metal and slag—gas equilibria, 
with respect to sulphur, must first be considered. The 
former has been discussed previously! for slags con- 
taining an excess of basic oxides, such as CaO, FeO. 
MnO, MgO, over acid oxides such as SiO,, Al,O,, 
P,0O;. Such a slag may be considered as a three- 
dimensional network of atoms in a disordered and 
continuously changing lattice. Provided that a 
sufficient proportion of basic oxides is present, two 
kinds of oxygen atoms may be considered as existing 
in this network. Some are associated with silicon, 
phosphorus, aluminium, and ferric iron, to give 
groupings which may be represented by the symbols 
(Si0,’””’), (PO,’’’), etc. The remainder are associated 
with the more basic entities, calcium, magnesium, 
and ferrous iron, and may be represented by the 
symbol (O’’). The question of ionization and the 
extent to which a precise number of negative charges 
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of the Steelmaking Division) of the British Iron and 
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may be considered as associated with these groupings 
is not relevant, since the electrical properties of the 
slags are of no concern here. 

The data available on the sulphur equilibrium 
between slag and metal? indicate that, for the range 
of slag compositions encountered in basic practice, 
the equilibrium constant takes the form 


_ (0”) [S] 
(8) [O] 


where (O’’) and (S’’) are expressed in atom fractions 
and [OQ] and [S] are in weights percent. Since (S’’) 
in equation (3) is calculated from the total sulphur 
content of the slag, it follows that, under conditions 
where liquid iron can exist (?.e., at oxygen pressures 
less than 10~® atm. at 1600°C.), practically all the 
sulphur exists in the slag as (S’”’), and enters it by 
displacing oxygen atoms of the type (O”). There is 
thus no significant quantity of sulphur present in any 
other form, and the equilibrium can be fully repre- 
sented by the equation 
[0] + (S”) 
Under these same conditions, therefore, the equi- 
librium between a basic slag and a gas phase con- 
taining sulphur and oxygen may be represented by 
the equations 


K 


Tslag-nyetal 


a ee a (4) 


ie IY cicesvcccivciss (5) 


. (0”) pts, 
slag-gas pry 
(8’’) p4o, 


where ps. and pos are the partial pressures of sulphur 
and oxygen in the gas. 

Suppose, now, that it is possible to avoid oxidizing 
the slag and so altering its nature as the partial 
pressures of oxygen and sulphur in the gas phase 
are raised. Equation (6) would represent the sole 
equilibrium involving sulphur. It would be possible 
to keep the ratio (O”)/(S’”), and hence (8), un- 
changed, provided that the ratio p* |p 0, were kept 
unaltered. 

In other words, it would be possible to maintain 
low concentrations of sulphur in the slag in the 
presence of high partial pressures of sulphur in the 
gas, provided that the partial pressure of oxygen 
were kept high enough. This should strictly apply 
only to a slag consisting of lime, silica, and alumina, 
under conditions insufficiently oxidizing for slag 
sulphate to form. However, it will be shown later 
that it applies approximately to a basic slag con- 
taining iron oxides, in spite of the fact that these can 
be oxidized from the ferrous to the ferric state. In 
the first instance, therefore, it will be assumed that 
the partial pressures of oxygen and sulphur in equi- 
librium with any particular slag can have any values 
which satisfy the equation* 


F - 
P* 5, — (S”) | K slag-gas [S] 
ao a pee SC — Feit eayt 
pt, ag-on (0”) Ks ing-metal [0] 
_x [S] 
gas—metal Ot eres nis 


Theoretical values of K,,. ,e¢a, Can be derived from 
the data of Chipman and Samarin® (see also Dastur 
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and Chipman‘y) for the reaction 
PUN a Ns cess lois tvciecssacanecs (8) 
and from that of Chipman and Ta Li,® for the 
equilibrium 
0 ae eer eee (9) 
In spite of the fact that no direct data are available 
on the slag-gas equilibrium, it is thus possible by 
means of equation (7) to calculate the ratio p*. ipo, 
obtaining in the gas phase in equilibrium with any 
slag, provided that the latter is defined in terms of the 
metal with which it would be in equilibrium, i.e., in 
terms of [O] and [S]. Although the percentages of 
[QO] and [S] in the theoretical equilibrium metal do 
not precisely determine the compositions of the slags, 
they do determine those properties which are of 
interest so far as the movement of sulphur is con- 
cerned. Throughout this paper the slags will be 
defined in this way. From the ratio P*o,|p*s. and 
the necessary thermodynamic data for the various 
sulphur compounds which can occur in the gas phase, 
it is clearly possible to calculate the total sulphur 
content of the equilibrium gas phase for any particular 
partial pressure of oxygen. 
INTERACTION BETWEEN FURNACE GASES AND 
SLAG 

In the open-hearth furnace the gas phase consists 
mainly of CO, CO,, H,, H,O, O,, and N,, and the 
sulphur is present as H,S, SO,, COS, etc. The pro- 
portions of all these at any point clearly depend on 
the local degree of combustion. A picture of the gas 
conditions at the slag—gas interface in an open-hearth 
furnace has been given by Kofler and Schefels,® and 
by Reilly, Phillips, and Franklin.’ It is clear that 
the conditions vary widely from furnace to furnace, 
and across any one furnace. It also appears that 
partially burned gases come into contact with the 
charge, especially in the area between the door nearest 
the inlet and the centre door. The temperature at the 
slag surface probably varies widely ; in the centre 
of the furnace and towards the end of the heat, it 
may well be over 1700° C. ; at the corners and edges, 
or at the earlier stages of the heat, it may be consider- 
ably less. To make the results derived in this paper 
generally applicable in practice, the conditions con- 
sidered cover CO/CO, ratios of 100:1 to 1:10 and 
temperatures of 1527° to 1727° C. 

Calculations have been made of the sulphur contents 
of gas phases ranging from unburnt to fully burnt 
producer gas which would be in equilibrium with 





* It may at first be thought that the laws of equi- 
librium are being violated, since equation (7) leads to 
the conclusion that slag of the type assumed could be 
simultaneously in equilibrium with a gas and a metal 
which are not in equilibrium with each other. This 
restricted equilibrium arises from the fact that sulphur 
cannot enter the slag in any significant quantity without 
displacing oxygen, and is analagous to certain mem- 
brane equilibria in which restrictions are imposed on 
the movement of certain of the participating mole- 
cules or ions. 

+ The values have been revised by Dastur and 
Chipman since the calculations in this paper were 
made. As the changes in K are small compared with 
the limits of accuracy of the deductions made here, the 
calculations have not been revised. 
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Thermodynamic Aspects of the Movement of Sulphur 
between Gas and Slag in the Basic Open-llearth Process 


By F. D. Richardson and G. Withers 


SYNOPSIS 


A theoretical study is made of the sulphur equilibrium between a basic slag containing sulphur and the 
furnace gases in the open-hearth process. It is concluded that the higher the slag temperature and the more 
complete the degree of combustion of the gases coming into contact with the slag surface, the less chance 
there is of the slag picking up sulphur from the gas phase. The combustion limits which are required at 
the slag surface in the presence of gases of various sulphur contents, to avoid pick-up in the refining period, 
have been calculated. It is suggested that if these limits can be exceeded in practice, it should be possiblé to 
pass sulphur from metal to gas via the slag at the same time as oxygen is passed from gas to metal. 


Introduction 


HE total quantity of sulphur which goes through the 
open-hearth furnace in the furnace gases is 
frequently ten or more times the total quantity 

occurring in the ingoing liquids and solids. It is well 
recognized that it is of great importance to minimize, 
as far as possible, the pick-up of sulphur by the 
exposed metal during the melting-down period. It is 
generally agreed that this can be done by keeping gas 
conditions in the furnace as oxidizing as possible, and 
so decreasing as far as practicable the area in which 
the melting metal is in contact with unburned or 
partially burned gases of a reducing character. 

The reactions in which sulphur is involved may be 

represented as follows 
HS Se | re ee (1) 
SO, + 2Fe = 2FeO + [S] ..........e00. (2) 


The square brackets indicate that the sulphur is 
dissolved in the metal; the FeO in equation (2) 
represents free iron oxide. Existing knowledge of the 
thermodynamics of these two reactions shows that 
it is normally impossible to avoid pick-up completely, 
however oxidizing are the conditions, since the 
equilibria lie well to the right in both cases. In 
practice, however, it is possible to reduce this pick-up 
by keeping conditions oxidizing and so covering the 
melting metal with a protecting layer of oxide as 
speedily as possible.* 

Whether or not this pic’:-up of sulphur by the 
charge from the furnace gases can be avoided once 
the metal becomes covered with a basic slag, is 
apparently not known. 





* The mechanism for this protection is probably very 
similar to that described in this paper for the basic slag. 
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If the slag does pick up sulphur, it will obviously 
be hindered in its work of desulphurizing the metal. 
The matter is therefore of importance in the manu- 
facture of low-sulphur steels with high-sulphur fuels. 
In this paper an attempt has been made to calculate 
the conditions under which this pick-up by the slag 
can be avoided. 


NATURE OF THE SLAG EQUILIBRIA 


The nature of the slag—metal and slag—gas equilibria, 
with respect to sulphur, must first be considered. The 
former has been discussed previously! for slags con- 
taining an excess of basic oxides, such as CaO, FeO. 
MnO, MgO, over acid oxides such as SiO,, Al,O,, 
P,O;. Such a slag may be considered as a three- 
dimensional network of atoms in a disordered and 
continuously changing lattice. Provided that a 
sufficient proportion of basic oxides is present, two 
kinds of oxygen atoms may be considered as existing 
in this network. Some are associated with silicon. 
phosphorus, aluminium, and ferric iron, to give 
groupings which may be represented by the symbols 
(Si0,’”’”’), (PO,’”’), etc. The remainder are associated 
with the more basic entities, calcium, magnesium, 
and ferrous iron, and may be represented by the 
symbol (O’’). The question of ionization and the 
extent to which a precise number of negative charges 





Paper CP/12/2 of the Chemistry Department (based 
on paper SM/A/37/1948 of the Steel Practice Committee 
of the Steelmaking Division) of the British Iron and 
Steel Research Association, received Ist December, 1949. 
Dr. Richardson is Head of the Nuffield Research Group 
in Extraction Metallurgy at the Royal School of Mines, 
and Mr. Withers is at the Federation of British Indus- 
tries. They were formerly on the staff of the British Iron 
and Steel Research Association. 


MAY, 1950 





a dete ah. 


~ 


irnace 
Steel 


al of 
dards, 


rgical 


ur 
CSS 


ously 
netal. 
nanu- 
fuels. 
ulate 
> slag 


ibria. 
. The 
; con- 
FeO, 
\1,05,. 
shree- 
1 and 
at a 
, two 
isting 
licon, 
give 
n bols 
‘iated 
sium, 
y the 
1 the 
arges 





based 
nittee 
1 and 
1949. 
sroup 
Vines, 
ndus- 
1 Iron 


1950 





RICHARDSON AND WITHERS : MOVEMENT 


may be considered as associated with these groupings 
is not relevant, since the electrical properties of the 
slags are of no concern here. 

The data available on the sulphur equilibrium 
between slag and metal* indicate that, for the range 
of slag compositions encountered in basic practice, 
the equilibrium constant takes the form 


Wicca a ee 
slag—-metal = (S”) (O] pipeseneasewennens 


where (O’’) and (S’’) are expressed in atom fractions 
and [O] and [S] are in weights percent. Since (S’’) 
in equation (3) is calculated from the total sulphur 
content of the slag, it follows that, under conditions 
where liquid iron can exist (7.e., at oxygen pressures 
less than 10-8 atm. at 1600°C.), practically all the 
sulphur exists in the slag as (S’’), and enters it by 
displacing oxygen atoms of the type (O’’). There is 
thus no significant quantity of sulphur present in any 
other form, and the equilibrium can be fully repre- 
sented by the equation 
[O] + (S”) = [8S] 
Under these same conditions, therefore, the equi- 
librium between a basic slag and a gas phase con- 
taining sulphur and oxygen may be represented by 
the equations 


(3) 


os (4) 


Se ae | a nae (5) 


K 0”) piss , 

slag-gas = (S”) vt to scceccccescceees (6) 

O2 
where ps, and pos are the partial pressures of sulphur 
and oxygen in the gas. 

Suppose, now, that it is possible to avoid oxidizing 
the slag and so altering its nature as the partial 
pressures of oxygen and sulphur in the gas phase 
are raised. Equation (6) would represent the sole 
equilibrium involving sulphur. It would be possible 
to keep the ratio (O”)/(S’”), and hence (S”), un- 
changed, provided that the ratio ps - Ip? 0, were kept 
unaltered. 

In other words, it would be possible to maintain 
low concentrations of sulphur in the slag in the 
presence of high partial pressures of sulphur in the 
gas, provided that the partial pressure of oxygen 
were kept high enough. This should strictly apply 
only to a slag consisting of lime, silica, and alumina, 
under conditions insufficiently oxidizing for slag 
sulphate to form. However, it will be shown later 
that it applies approximately to a basic slag con- 
taining iron oxides, in spite of the fact that these can 
be oxidized from the ferrous to the ferric state. In 
the first instance, therefore, it will be assumed that 
the partial pressures of oxygen and sulphur in equi- 
librium with any particular slag can have any values 
which satisfy the equation* 


(S”) _ K stag-gas . [S] 
slag-gas (O”") K [O} 


slag—metal 


1 
Piss _ K 
Po, 
a [S] 
a Bn mates [O] 
Theoretical values of K,.. neta; Can be derived from 
the data of Chipman and Samarin® (see also Dastur 
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and Chipman‘y) for the reaction 
ee a RIES (8) 
and from that of Chipman and Ta Li,® for the 
equilibrium 
Me  seiieisaicadacccaciciien (9) 
In spite of the fact that no direct data are available 
on the slag-gas equilibrium, it is thus possible by 
means of equation (7) to calculate the ratio P*s,/P*o, 
obtaining in the gas phase in equilibrium with any 
slag, provided that the latter is defined in terms of the 
metal with which it would be in equilibrium, i.e., in 
terms of [O] and [S]. Although the percentages of 
[O] and [S] in the theoretical equilibrium metal do 
not precisely determine the compositions of the slags, 
they do determine those properties which are of 
interest so far as the movement of sulphur is con- 
cerned. Throughout this paper the slags will be 
defined in this way. From the ratio Po, p's. and 
the necessary thermodynamic data for the various 
sulphur compounds which can occur in the gas phase, 
it is clearly possible to calculate the total sulphur 
content of the equilibrium gas phase for any particular 
partial pressure of oxygen. 
INTERACTION BETWEEN FURNACE GASES AND 
SLAG 

In the open-hearth furnace the gas phase consists 
mainly of CO, CO,, H,, H,O, O,, and N,, and the 
sulphur is present as H,S, SO,, COS, ete. The pro- 
portions of all these at any point clearly depend on 
the local degree of combustion. A picture of the gas 
conditions at the slag—gas interface in an open-hearth 
furnace has been given by Kofler and Schefels,® and 
by Reilly, Phillips, and Franklin.’ It is clear that 
the conditions vary widely from furnace to furnace, 
and across any one furnace. It also appears that 
partially burned gases come into contact with the 
charge, especially in the area between the door nearest 
the inlet and the centre door. The temperature at the 
slag surface probably varies widely ; in the centre 
of the furnace and towards the end of the heat, it 
may well be over 1700° C. ; at the corners and edges, 
or at the earlier stages of the heat, it may be consider- 
ably less. To make the results derived in this paper 
generally applicable in practice, the conditions con- 
sidered cover CO/CO, ratios of 100: 1 to 1:10 and 
temperatures of 1527° to 1727° C. 

Calculations have been made of the sulphur contents 
of gas phases ranging from unburnt to fully burnt 
producer gas which would be in equilibrium with 





* It may at first be thought that the laws of equi- 
librium are being violated, since equation (7) leads to 
the conclusion that slag of the type assumed could be 
simultaneously in equilibrium with a gas and a metal 
which are not in equilibrium with each other. This 
restricted equilibrium arises from the fact that sulphur 
cannot enter the slag in any significant quantity without 
displacing oxygen, and is analagous to certain mem- 
brane equilibria in which restrictions are imposed on 
the movement of certain of the participating mole- 
cules or ions. 

* The values have been revised by Dastur and 
Chipman since the calculations in this paper were 
made. As the changes in K are small compared with 
the limits of accuracy of the deductions made here, the 
calculations have not been revised. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 
E* 








68 RICHARDSON AND WITHERS : MOVEMENT OF SULPHUR IN THE BASIC 0.H. PROCESS 


typical basic slags. These are defined in terms of the 
percentages of oxygen and sulphur in the metals 
which would be in equilibrium with them. The 
results, shown later, give the approximate safe limits 
for sulphur in the furnace gases if pick-up by the slag 
is to be avoided. 

To make these calculations possible, the not un- 
reasonable assumption has been made that, as the 
gas is burnt by admixture of air, equilibrium is main- 
tained between the CO/CO, and the H,/H,O ratios. 
It will also be assumed that the theoretical values of 


Po, in equilibrium with these ratios at the tempera- 
tures considered are significant in determining the 


slag-gas equilibrium. This is tantamount to the 
assumption that the direction of movement of sulphur 
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Fig. 1—Calculated relationships between the degree 
of combustion (CO/CO,) and the sulphur content 
(2Sg) of the furnace gases in equilibrium with 
basic slags at different temperatures. The com- 
positions of the slags are such as would be in 
equilibrium at these same temperatures with 
liquid irons containing sulphur and oxygen at the 
concentrations indicated 


between gas and slag is controlled by the following 
equilibria : 
(S”) 4 BO = BO 1:10") 2... nasvesrenses (10) 
(8°) + OD, = OOS + 10”) ...cc00cceoeess (11) 
(S’’) +- 3CO, = SO, + 3CO +- (O”)...... (12) 
With equation (7) it is possible to calculate the values 
of p's in equilibrium with particular slags (defined 
in terms of [O] and [S]) for any desired values of po. 
These values of pho, correspond to different degrees 
of combustion of the furnace gases, which can be 
expressed in terms of the CO/CO, or H,/H,O ratios. 
Provided that the composition of unburnt furnace 
gas is known, it is a simple matter to calculate the 
equilibrium partial pressures of the various sulphur- 
containing gases for conditions ranging from unburnt 
to fully burnt, due allowance being made for dilution 
by nitrogen as combustion proceeds. The only 
important sulphur gases, besides S,, are SO,, H,S, 
COS, and § ; CS, and SO, can be neglected. From these 
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partial pressures the total equilibrium sulphur con- 
centration in grams per cubic metre (XS,) can be 
determined. The free-energy equations used for 
calculating the partial pressures of the various sulphur- 
containing gases are those suggested by Kelley® for 
SO, and 8, and by Chipman’ for the remainder. 

The typical composition assumed for the producer 
gas is as follows : 


90 
°o 


co, 8 H.O 7 
co 22 N, 50 
H, 16 CH, 3 


The calculations have been carried out for two basic 
slags of such compositions that they would be in 
equilibrium with metals of the following compositions : 
0-1% [O], 0-01% [S], 0:1% [0], 0-1% [S]. The 
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Fig. 2—-Calculated relationships between the degree of 
combustion (CO/CO,) and the sulphur content 
(2Sg) of the furnace gases in equilibrium with 
basic slags at 1627°C. The two slag compositions 
selected are those which would be in equilibrium 
at that temperature with liquid irons containing 
sulphur and oxygen at the concentrations indicated 


results for 1527°, 1627°, and 1727°C. have been 
plotted on log scales in Figs. 1 and 2. They show the 
sulphur concentration at any CO/CO, ratio in the 
furnace gases in equilibrium with any slag, when the 
slag sulphur is such as to be in equilibrium with a 
metal having the above sulphur and oxygen concen- 
trations. 

From Fig. 1, for example, it can be seen that, at 
1727° C., a slag of such a composition as would be in 
equilibrium with a metal of 0-1°% [O] and 0-01% [S], 
would itself be in equilibrium with a gas containing 
10 g. of sulphur per cu. m. (log XS, = 1) at a CO/CO, 
ratio of 0-63 (antilog — 0-20). 

It will be observed from Fig. 2 that, at 1627° C., 
a tenfold increase in the sulphur content of the slag 
(e.g., a change in the sulphur content of the equi- 
librium metal from 0-01 to 0-1%) increases the value 
of XS, approximately by a factor of ten, and this 
raises the curve by one log unit. The simple pro- 
portionality of this increase applies also at 1527° and 
1727° C., although the results are not plotted. It 
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arises from the fact that over the range of conditions 
considered here, the sulphur in the gas phase is 
present almost entirely in a form containing 1 atom 
of sulphur per molecule, i.e., as HS and COS at high 
CO/CO, ratios, and as SO, at low CO/CO, ratios, so 
that, for example, [S] & py. 9s. & Pso,. Were the 


quantity present as S, important. the relation would 


not be so simple, because|[S] « p?. It is thus easy 
Pp p’ So. h 


to estimate the equilibrium sulphur contents of gas 
phases for other slags; all that is required is to 
multiply the values of SS, determined from the 
graph for the appropriate CO/CO, ratio, by the ratio 


Sulphur content =S, for the curve used 
g 





Sulphur content of equilibrium metal for slag under consideration 
EFFECT OF IRON OXIDES AND OF SULPHATE 
FORMATION 

As already indicated, the results so far calculated 
should be correct, provided that the nature of the 
slag is not changed as the partial pressures of oxygen 
and sulphur in the gases are increased above the 
values obtaining in slag—metal equilibrium studies, 
on which equations (4), (6). and (7) ultimately rely. 
In practice, ferrous iron is present in the slag, and 
will be oxidized as the oxygen pressures in the gas 
phase are increased. At the higher oxygen pressures 
it will also be possible for significant quantities of 
sulphur to exist in the slag as sulphate. The values 
of XS, in Figs. 1 and 2 must therefore be corrected 
for these two effects. The aim will still be to calculate 
the maximum value of YS, associated with any 


. 1 ° : 
values of p*, which will not cause sulphur to pass 


from gas to slag (or vice versa). The defining values 
of [O] and [S] will now be those for the metal, which 
would be in equilibrium with the slag if the slag 
were reduced to the oxygen potential corresponding 
to [O}. A proportion of the slag iron is in the ferric 
state, even at the slag—metal interface, where at 
1600° C. the partial pressure of oxygen cannot exceed 
10-8 atm., which is the value in equilibrium with 
liquid iron and free iron oxide. This proportion of 
ferric iron can be greatly increased at the gas-slag 
interface, where the partial pressures of oxygen may 
be up to about 10-1! atm. In view of the manner in 
which the ferric iron content of a slag in equilibrium 
with any particular partial pressure of oxygen 
increases with increasing lime content,!° it appears 
that the ferric iron is associated with oxygen in the 
slag in the same manner as in calcium ferrites. In 
this case the oxygen atoms attached to ferric iron 
would be expected to behave with respect to sulphur 
in much the same way as those attached to silicon, 
phosphorus, and aluminium. and not to be easily 
available for substitution by sulphur. 

The effect of the oxidation of ferrous iron to ferric 
at the slag—gas interface should thus be to reduce the 
concentration of oxygen atoms (0”) which are 
replaceable by sulphur. If the ratio po, Ip s, i8 
unaltered, (O”)/(S’”) will also be unchanged ; but 
owing to the decrease in (O’’), (S’’) will have to be 
correspondingly lowered. If (S’’) is to be unaltered, 
Dig, will have to be increased in proportion as (O”’) 


is decreased. 
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A rough calculation shows that this effect should not 
be large for a typical basic slag of the following 
composition : 

Gram * mols’ 
per 100 g. 


Wt.-% of Slag 
SiO, 7-5 ()-125, gives SiO,’’” grouping 
P.O; 8+] 0-06, give s PO)” grouping 
FeO, 9-2 0-06, gives Fe,0,”” grouping 
FeO 17-0 0.24 
MnO 5-6 0-08 
CaO 52-6 0-94 


(O”’), in gram atoms per 100 g. of slag 
0-94 0-038 0-24 — 2 0-125 —3 x 0-06 
2 x 0-06 = 0-61 
If all the iron were converted to the ferric state the 
value of (O”) would be given by the equation : 
(QO”) per 100 g. of slag = 0-61 — 0-24 = 0-37 

If (0) were reduced by 40°, in this way, it follows 
a (S") could remain unaltered only if the ratio 
p's lp o, Were increased by a corresponding 40%). 
Hence, the values of log XS,, in Figs. 1 and 2, coulk l 
at the most be increased by 0-15 units at the low 
CO/CO, ratios where conditions might be oxidizing 
enough to convert all the iron to the ferric state. 
The effect would be progressively less at higher 
CO/CO, ratios and should be quite negligible at ratios 
of the order of 10/1. Owing to the steep slopes of the 
curves at these lower CO/CO, ratios, where the dis- 
placement is a maximum, such a shift would have 
little influence on the values of the CO/CO, ratios 
corresponding to particular values of XS,. It thus 
seems safe to neglect the complication of the oxidation 
of the ferrous iron to ferric, and to accept as approxi- 
mately correct the results predicted by simple theory. 

Since sulphate can be formed in significant quanti- 
ties only under conditions which are so oxidizing that 
practically all the sulphur in the gas is present as 
sulphur dioxide, its formation in the slag may be 
represented by 

(O”’ SO, + 
This sulphate will be present in addition to sulphide. 
When it is formed, therefore, the values of pg, and 
hence of SS, in the overlying gas phase will have to 
be less than that previously calculated, if sulphur is 
not to pass from gas to slag. 

According to equation (13). the formation of slag 
sulphate is assisted by an increase in the partial 
pressure of oxygen. Under the same conditions the 
formation of slag sulphide is strongly opposed by the 
oxygen partial pressure, according to the equation 

(0) + SO, = (8) ++ IO geeccccercveeeee (14) 


It follows that there will be an optimum oxygen 
pressure which permits the maximum sulphur to be 
carried in the gas phase without its being passed to 
the slag and hence to the metal. 

An approximate estimate, both of the effect of the 
sulphate formation on the values of XS, shown in 
Figs. 1 and 2. and of the optimum oxygen pressure 
or CO/CO, ratio, may be obtained from the thermo- 
dynamics of calcium sulphate and calcium sulphide. 
If it is assumed that the activity coefficients of sulphide 
and sulphate are nearly equal, equations (13) and 
(14) indicate that the values of SN, for a fixed sulphur 


10, = (SO,’ 
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content of the slag will be reduced by a factor of 2 
when the activities of sulphate and sulphide are 
equal. It can also be shown quite simply that the 
optimum oxygen pressure will occur when the 
activities of sulphate and sulphide are in the ratio 
3:1. 

In a strongly basic slag, where lime is present in 
excess of the other metallic oxides, it is reasonable to 
assume that the (S’’) and (SO,’’) groups will be associa- 
ted mainly with calcium. In that event it is also 
reasonable to expect that the tendency for sulphide 
to oxidize to sulphate will be closely related to the 
tendency for calcium sulphide to oxidize to calcium 
sulphate under corresponding conditions. In terms 
of activities, therefore : 

Bt ae “(Ca8O,) =o Geer y (15) 
(S")P*o, “(CaS)P 0, 
where K is the equilibrium constant for the oxidation 
of pure solid calcium sulphide to pure solid calcium 
sulphate ; K can be derived in two ways from the 
data cited by Kelley’ for the reactions 


CaS + 3CaSO, = 4CaO + 480,............ (16) 
4CaO + 4S0, + 20, = 4CaSQ,............ (17) 

and for the reactions 
CaSO, +S, = CaS + 280, .........0.. (18) 
ee eee (19) 


The results are not precise, since the data have to 
be extrapolated over a temperature range of 250- 
300°C. The plot of log,, K for equation (17) is not 
strictly linear, and the extrapolation is open to doubt. 
In addition, the two sets of results cited by Kelley 
for equation (19) do not agree well over the range 
of the measurements quoted, though they extrapolate 
to the same K value at about 1627°C. Nevertheless 
the following approximate deductions can be made. 

The values of log XS, in Figs. 1 and 2 should be 
lowered by 0-3 (i.e., XS, lowered by a factor of 2) 
when the CO/CO, ratios are about 1/20 at 1527°C., 
1/15 at 1627° C., and 1/10 at 1727° C. The optimum 
values of log XS, are obtained at CO/CO, ratios of 
about 1/35 at 1527° C., 1/25 at 1627° C., and 1/20 at 
1727°C. These values all lie beyond the limits of 
Figs. 1 and 2. This means that at higher CO/CO, 
ratios the bulk of the sulphur will be present as 
sulphide, and the sulphur which can be carried safely 
in the gas phase will be proportional to p39 accord- 
ing to equation (14). At lower CO/CO, ratios the 
bulk of the sulphur will be present as sulphate, and 
the sulphur which can be carried in the gas phase will 
be «inversely proportional to Po. according to 
equation (13). 7 

Since the sulphate equilibrium is not so sensitive 
to the partial pressure of oxygen, and hence the 
CO/CO, ratio in the furnace gases, the adverse effect 
of exceeding the value of Po, at which Acaso,) = 
3 X Acas) is not very great. It is likely to be far less 
serious than the effect of working at a partial pressure 
of oxygen less than the optimum. It is to be stressed 
that these conclusions are only approximate. This 
is because the thermodynamic data for reactions (16), 
(17), and (18) are not very accurate, and the ratios 
Of Acas)/Qcaso. in a basic slag may be rather 
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different from the concentration ratios of sulphide 
to sulphate sulphur. 

It is to be noted that the effects of the formation 
of sulphate and ferric iron on the XS, values plotted 
in Figs. 1 and 2 tend to cancel out, though the ferric 
iron effect occurs at higher CO/CO, ratios than the 
formation of sulphate. To a first approximation the 
effects of both complications can be neglected. 

CONCLUSIONS 

With the aid of Figs. 1 and 2, it is possible to 
ascertain the sulphur contents of furnace gases which 
will neither take sulphur from, nor give it to, basic 
slags which are defined in terms of the oxygen and 
sulphur concentrations in the metals which would be 
in equilibrium with them. These sulphur and oxygen 
concentrations are not to be confused with those 
which are reached in the metal at the end of the heat. 
The following example will make this more clear. In 
low-sulphur rimming practice, it is desirable for the 
final sulphur content of the metal to be about 0-02% 
in the presence of about 0-07% of oxygen. At the 
end of the heat, therefore, since equilibrium cannot 
actually be reached, the slag will in fact be of such 
a composition as would be able to hold the sulphur 
in a theoretical equilibrium metal down to about 


0-015% in the presence of an oxygen content of 


about 0-1%.* The sulphur content of the gas phase 
in equilibrium with this slag at various CO/CO, ratios 
can thus be determined from Fig.1. At CO/CO, = 1, 
and 1727° C., for example, the concentration would 


be: 


' 0-015 
(Value read from graph for 0-01°¢ [S]) x — 


0-01 
= 4-5 g./cu. m. 

This same slag at a much earlier stage in the de- 
sulphurization process would contain less sulphur. 
and the sulphur content of the equilibrium gas would 
be correspondingly smaller. If the slag had gone only 
part of the way to equilibrium and had contained. 
say, one-tenth of the final sulphur, the equilibrium 
gas sulphur under these conditions would be 4-5 x 7% 
= 0-45 g./cu. m. 

The danger limits taken or derived from Figs. | 
and 2 for the CO/CO, ratios over a range of slag and 
gas conditions are given below : 

Basic Slag of Constitution 





to be in Equilibrium with ss 
Metal Containing : ma 5 
Temp, °C. {S],% [0),% g./cu. m. CO,CO, 
1727 0-01 0-1 3 1/1 
(direct from graph) 1 1-5/1 
0-3 2-3/1 
1527 0-01 0-1 3 1/3-0 
(direct from graph) 1 1/2-3 
0-3 1/1-6 
1727 0-002 0-1 3 1/1-8 
(derived ) 1 1/1-2 
0-3 1-3/1 
1527 )- 002 QO. 3 1/5-3 
(derived) | 1/4-0 
0-3 1/2-7 
* If both metal and slag were considered to be more 


closely in equilibrium with respect to oxygen at the end 
of the heat, and a correspondingly lower value of 0-08 
or 0-07°¢ were taken for [O]. the results would be little 
affected. The broken line in Fig. 1, for example, shows 
the calculation for 0-01°, [S] and 0-07% [O]} at 1727° C. 
alongside that for 0-01°, [S] and 0-10°, [O]. 
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The two slags for which results are given contain, 
of course, lime and sulphur in such proportions as 
would be in equilibrium with the two metals indicated. 
From the foregoing remarks it should be clear, 
however, that a slag defined as being in equilibrium 
with 0-01% [S] and 0-1°% [O], corresponds to a 
basic slag in contact with metal containing about 
0-015% [S] in the presence of 0-07% [O], at the end 
of the heat when equilibrium is being approached. 
That equivalent to 0-002% [S] and 0-1% [O] corre- 
sponds to the same slag containing one-fifth the 
amount of sulphur, that is, at a stage where it has 
gone only part of the way towards completing its 
task of desulphurizing the metal. 

The main interest attaching to the curves in Figs. 
1 and 2 is their position relative to the CO/CO, axis, 
their steepness, and the manner in which the equi- 
librium, and hence the ‘ safe’ sulphur content of the 
burning gases, increases as combustion proceeds and the 
C'O/CO, ratio decreases. It follows that, within limits, 
flame conditions, and in particular the degree of 
oxidation of the gases at the slag surface, are of 
dominant importance. A reduction of the area of the 
slag surface over which conditions are favourable for 
pick-up of sulphur from the gases, could, under many 
conditions, be far more important than a reduction 
of the sulphur content of the gas. High temperature 
also obviously favours the passage of sulphur from 
slag to gas, as can be seen both from the foregoing 
data and from Fig. 1. 

In sulphur balance trials it has been found by 
certain workers that, during refining, there may be 
a net gain of sulphur from the gas in one heat and a 
net loss to the gas in the next, although the total 
ingoing sulphur, both in gases and solids, and the 
periods of refining, have been much the same in both 
cases. In view of the foregoing conclusions it seems 
probable that such fluctuations are due to variations 
in flame and combustion conditions from one heat to 
another. 

The general conclusions of this paper are applicable 
only if the projection of drops of metal through the 
slag into the gas phase during the refining period is 
of little significance, for, as already explained, ex- 
posed metal can theoretically pick up sulphur from 
the furnace gases, whatever the local degree of com- 
bustion. The fact that good losses of sulphur from 
the bath to the gas phase can sometimes be obtained,” 
even in the presence of fuel gases containing sulphur, 
suggests that pick-up by these metal drops is not 
important. 

If the values of SS, and CO/CO, obtaining in any 
particular practice are above the curves in Figs. 1 
and 2, pick-up of sulphur by the slag is to be expected. 
If they are below, a loss of sulphur from slag to gas, 
and hence from metal to gas, should be possible. In 
general, such a sulphur transfer from metal to gas 
will be from a lower to a higher sulphur potential, 
and it is of interest to note that it is made possible 
by oxygen moving simultaneously, via the slag, from 
gas to metal, that is, from higher to lower oxygen 
potentials. Under such conditions the oxygen may 
be considered as a means of pumping sulphur out of 
the metal into the gas. The rates of such transfers 
cannot be predicted from this thermodynamic treat- 
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ment. There seems no reason, however, to suppose 
that the rates may not be significant, for it has been 
established that, under suitable conditions, the trans- 
fer of oxygen from gas to metal via the slag in the 
refining period can be fast enough to account for the 
elimination of three-quarters of the carbon in the 
charge. 
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Fuel Efficiency Exhibition 


A Fuel Efficiency Exhibition was held at the Stocks- 
bridge works of Samuel Fox and Company, Ltd., a 
branch of The United Steel Companies Ltd., from 
20th-25th February, 1950. The exhibition was arranged 
by the Fuel Efficiency Organization of the Company 
which aims at improving the fuel efficiency at the works 
through the efforts of all employees. It was hoped that 
an added knowledge of the subject would make workers 
more conscious of fuel and the need for fuel efficiency. 

The main theme of the exhibition was steam genera- 
tion, distribution, and utilization. Among the models 
exhibited were water-tube and shell boilers, locomotives. 
steam hammers, engines, and power generators, some 
of which were working models. Boiler grates, equipment 
for steam distribution, types of lagging, valves, ejectors, 
methods of boiler construction, and safety equipment 
were also on view. Losses from steam leaks, smoke 
abatement, and lubrication were demonstrated by other 
exhibits. 

Students from several schools and technical colleges, 
and members of other firms, visited the exhibition during 
the week. 
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Corrosion Fatigue—The Influence of 
Disarrayed Metal 








By D. Whitwham, M.A., Ph.D., and U. R. Evans, M.A., Sc.D., F.R.S. 
1 
SYNOPSIS 
It is not certain from theory whether a preliminary period of dry fatigue should lengthen the normal corro- 
sion-fatigue life by strain hardening, or shorten it by producing disarrayed metal which may be particularly sus- P 
ceptible to corrosion. An answer to this question was obtained by carrying out two-stage tests ; a period 
of dry fatigue was followed by corrosion fatigue up to failure ; for comparision, a second set was submitted . 
to corrosion fatigue without previous dry fatigue. With both cold-drawn and annealed wires, little or no i 
change in corrosion-fatigue life was brought about by preliminary dry fatigue under the conditions tested. \ 
A metallographic study was also made of changes during air-fatigue and corrosion-fatigue processes. For c 
this purpose, the annealed wires were reduced by electropolishing to remove surface defects and to avoid 
deformation. In air fatigue, the repeated application of a stress, greater than the fatigue limit, results in the i 
plastic deformation of many grains as a preliminary to the development of micro-cracks and failure. Simul- I 
taneously, heat is generated in the specimen and a superficial oxidation of the surface follows. t 
In corrosion fatigue, at a stress below the air-fatigue limit, a localized attack leads to stress intensification f 
and hence to corrosion along slip bands. Attack spreads around the circumference of the wire, with sub- 
sequent weakening. 
The major damage, estimated by loss in tensile strength, occurs towards the end of the process, both in air re 
fatigue and corrosion fatigue, Cracking is mainly transcrystalline, but may occasionally be intercrystalline Hr 
for distances of a few grain diameters. n 
l 
ORROSION-FATIGUE cracking is often ascribed to a_ free from non-metallic inclusions. It had an ultimate Ww 
preferential attack of disarrayed material along tensile strength value of 48 tons,sq. in., a Young’s C7 
slip bands produced during the application of modulus value of 13-4 x 10° tons/sq. in., and a el 
alternating stress. If this suggestion is correct, there fatigue limit (wires coated with zinc-chromate le 
is danger that material which has already been vaseline mixture) of 21 tons’sq. in. pr 
subjected to dry fatigue, would be abnormally y : Ww 
susceptible to corrosion fatigue if precautions against __ SUES USED IN RESEARCH } 
corrosion were temporarily relaxed. Against this, it Vacuum Annealing ve 
is by no means certain that disorganized material For certain purposes annealed specimens were ok 
which is subsequently exposed to corrosive influence required. A_ sufficient stock of such wires was co 
is so susceptible as material which is exposed to obtained by heat-treating a single batch in a small Fj 
corrosion during the process of derangement. tube furnace, which was continuously evacuated by at 
It appeared important to ascertain whether the a Hyvac pump. The furnace used had been wound off 
increased susceptibility really does arise, or whether to give a uniform temperature over the middle 4 in. ati 
the strain-hardening effect of prior fatigue leads to an of its length (18 in.) ; outside this region the tempera- col 
improvement in the corrosion-fatigue life. ture decreased steadily towards the ends of the | 
furnace. Thus, although each part of a given wire did the 
EXPERIMENTAL WORK not receive the same heat-treatment, every wire was a | 
1 ; : ‘ hie subjected to the same furnace conditions. The fur- “tl 
The material used in the experiments was in the inane . 
: Cina : one : : nace was continuously evacuated and the temperature, of 
form of wire specimens 15 in. long and 0-1 in. dia., r . : 
a : z" , . : measured at the centre of the tube, was taken up to enc 
available from a previous research! ; these were pro-  g-po ~ : ‘ tas 
2 ; , ; 950° C. over a period of 3 hr., and maintained for pol 
duced* from a single billet of mild steel by cold j ; . 
xs ee 4 hr.; then the current was cut and the specimens \ 
drawing in two passes a patented steel rod of 0-144 in. =. ‘ : 
: ; ; were allowed to cool in the furnace. tim 
dia. The percentage analysis of the material was AF : = 
; 5 = ge ys ‘ After this treatment, the wires had been oxidized Owl 
C 0-19, Si 0-07, S 0-03, Mn 0-78, P 0-02. Metallo- . . re ‘ : 
graphic examination showed the wire to be reasonably  7-P. erenny 2 Seve meebcnner Saw aves Seat tater ey 
—— : ’ ference tints ; this showed that a trace of oxygen had by 
. sent : been present, but the amount needed for interference- the 
Paper MG/B/50/49 of the Corrosion Committee of the ¢gjour films is very small. the 
British Iron and Steel Research Association, received : 
18th October, 1949. The views expressed are the Electropolishing ya 
authors’ and are not necessarily endorsed by the Com- : was 
mittee as a body. In the second part of the research, the smooth drie 
Dr. Whitwham was in the Department of Metallurgy surface demanded in fatigue testing was obtained by polis 
at the University of Cambridge, and is now working electropolishing. The nature of the anodic process had 
with Professor Chaudron and Dr. Lacombe at Vitry. h Ries NAT AN SE ONT SO 
Dr. Evans is in the Department of Metallurgy at the CH#anges during a polishing cycle, as shown by measure- 
University of Cambridge. ments of the anode potential. As the metal develops Surf 
* By Messrs. Bruntons. Ltd., Musselburgh, Scotland. a very bright surface the potential may even approach In 
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Fig. 1—Current fluctuations during electropolishing 


that of the oxygen electrode. This does not mean 
that the specimen stops dissolving, and in practice the 
surface layers are removed smoothly and continuously. 

By the method described below, the rate and total 
amount of metal removed in polishing was controlled 
until all major defects of surface had disappeared. 
The method is very satisfactory in avoiding the cold 
working or deformation of the specimen characteristic 
of mechanical polishing: the resulting surface is 
perfect for metallographic examination, since any re- 
maining defects can be detected much more certainly 
than on the finely ground surface commonly used in 
fatigue research. 

The method of polishing, based on Jacquet’s? most 
recent procedure, was modified slightly to deal with 
the present specimens ; the bath, which is claimed as 
non-explosive, was composed of glacial acetic acid 
1000 c.c., 60% perchloric acid 50 ¢.c. The specimen 
wire was mounted at the centre of a vertical glass 
cylinder of 3-in. dia., which was filled with enough 
electrolyte to leave 2 in. of the wire above the liquid 
level ; an electrical connection was made on this dry 
portion. A cylindrical cathode of aluminium gauze 
was fitted tightly around the inside of the cylinder. 
Electropolishing was carried out at an applied 
voltage of 110, with an external resistance of 30 
ohms in series with the polishing cell. Under these 
conditions a current time curve of the form shown in 
Fig. 1 was obtained ;: the oscillations of current are 
at first rapid, but their frequency and amplitude fall 
off with time until, finally, a constant current is 
attained, at which stage polishing is known to be 
complete. 

After a standard time. the current was switched off, 
the wire was inverted, and polishing was continued— 
a plan adopted to minimize any slight differences in 
‘throwing power ’ of the bath. Thus, the diameter 
of the wire was reduced uniformly, except for the 
end portions which spent half the time outside the 
polishing bath. ’ 

When the bath had been used for a considerable 
time, or when its temperature had been increased 
owing to the heating effect of the current, it was found 
to produce etching. This was satisfactorily avoided 
by carrying out a two-stage treatment of the wire, 
the first stage consisting of a ‘rough’ polishing, and 
the second of a short (2 min.) polishing in a fresh or 
nearly fresh, bath. The wire specimen was then 
washed thoroughly under running water and carefully 
dried with filter paper. The fina] result was a highly 
polished specimen, in which only the pearlite areas 
had been lightly etched. 


Surface Grinding 
In the first part of the work, wires were used in the 
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cold-drawn state; these were prepared for fatigue 
testing by grinding to 000 emery over a length of 
approximately 3 in. at mid-span. A preliminary 
coarse grinding with No. 1 emery for 5 min. was 
essential to remove major defects from the wire 
surface. These comprised a single linear groove along 
the whole length of each wire, and a finer helical trace 
around the circumference ; they were present in all 
the wires, as received, and presumably originated in 
manufacture. The final scratches (000 emery) were 
circumferential. 


Fatigue Testing 

All fatigue and corrosion-fatigue tests were carried 
out in a Haigh-Robertson machine, designed for 
wire test-pieces. After preparation, the specimen 
was fixed in position and a small stress was applied. 
The speed of the driving motor, which was controlled 
by a Variac auto-transformer, could be quickly 
adjusted to the running speed of approximately 
6000 r.p.m. by following the changes observed on a 
stroboscope disc. The tailstock was then adjusted 
until the specimen had been bent to the required 
angle and the test was timed from this point. Minor 
adjustments of the motor speed and of the angle of 
flexure were necessary in the first stages of each test, 
but after the machine and test-piece had settled down, 
the speed of the motor remained at approximately 
6000 r.p.m. 

To eliminate any tendency of the specimen to pick 
up or develop lateral vibration, it was found essential 
to fix a smooth glass rod, mounted loosely, in such 
a position as to touch the rotating wire gently towards 
one end. 


Corrosion 

The feeding arrangement used in corrosion-fatigue 
tests was similar in principle to that used by Simnad.? 
Because of the large volume of liquid needed, the 
salt solutions were usually made up from tap water, 
and these were in continuous contact with the 
laboratory atmosphere, though protected from dust. 
The corrosive solution was fed on to a small area of 
the specimen, at mid-span, at the rate of approxi- 
mately 1-5 ¢.c./min. The specimen was covered with 
a layer of polystyrene lacquer to limit to 0-5 em. the 
length of wire corroded. 


Cathodic Cleaning 

To examine the surface of the wire after corrosion 
fatigue, the corrosion product, consisting largely of 
brown moist rust. was in some cases removed by 
cathodic treatment in sodium carbonate ; such treat- 
ment had to be carried out soon after the test, other- 
wise large patches of rust remained adherent. 

The portion to be cleaned was made the cathode 
in 5°, sodium carbonate solution, using a steel anode. 
The applied voltage was 6 and the treatment was 
normally restricted to 5 sec. 

TWO-STAGE TESTS 
Determination of Air-Fatigue Limit 

To discover whether the fatigue properties of the 
available wire had changed during storage, the air- 
fatigue limit was re-determined. Before the test, 
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Table I 


RESULTS OF TESTS ON COLD-DRAWN WIRE 
CARRIED OUT BELOW THE STRESS RANGE 


Air Fatigue Followed by 


Air Fatigue, Corrosion Fatigue, Corrosion Fatigue, 


kilocycles kilocycles kilocycles 
ist Stage 2nd Stage 
733 10,028* 952 
Unbroken 852 25,090* 997 
10 ,000* 592 25,586* 1059 
816 26,118* 772 


* Specimen unbroken 


each specimen was ground to 000 emery, as described 


on p. 73. The results were as follows : 

Stress Range. Life, 

+ tons’sq. in. kilocycles 
29-6 48 
25-7 257 
24-5 421, 475, 335 
23-9 1061 
23-0 859, 1252, 840, 1131 
22-5 851 
22-0 2050, 1804, 1455, 1832 
21-8 16,614,* 9040* 
21-7 14,912,* 3096 
17-2 10,096* 
13-0 9503* 


* Signifies unbroken 


From these results, the air-fatigue limit would 
appear to have a value of 21-5 tons/sq. in. approxi- 
mately, which agrees well with 21-0 tons/sq. in. as 
found by Gould.* 

With each specimen set up, the zero error on the 
swinging headstock was of the order of 0-2-0-5°. 
The corrected angle used in calculating the stress is 
estimated to be accurate to + 0-1° and the nominal 
stress values should then be accurate to + 0-26 
tons/sq.in. Such an error would account for some 
deviation, but it does not explain the whole scatter 
observed ; this must be attributed to accidental 
variations between different wires. 


Study of Air Fatigue Followed by Corrosion Fatigue 


It is equally possible, on theoretical grounds, that 
a preliminary period of ‘dry’ fatigue could shorten 
or lengthen the life of a specimen under corrosion- 
fatigue conditions. To determine what takes place 
in practice, two-stage tests were carried out, in which 
the first stage consisted of dry fatigue and the second 
of corrosion fatigue to failure ; for comparison, one- 
stage tests were also carried out, consisting of corrosion 
fatigue to failure. The experiments on, cold-drawn 
wire were divided into two groups of tests, carried 
out at a stress range (i) above, and (ii) below the 
fatigue limit. The numerical results are set out in 
Tables I and II. 

(i) Below Fatigue Limit—The stress was 17-2 tons 
Sq. in., the material was cold-drawn mild-steel wire, 
ground to 000 emery, and the corrodent was an 
aerated M/10 KCl solution. 

(ii) Above Fatigue Limit—The stress was 22-0 
tons/sq. in., the material was cold-drawn mild-steel 
wire, ground to 000 emery, and the corrodent was 
an aerated M/10 KCl solution. 

When the specimen is stressed to a value below 
the fatigue limit, it appears that a preliminary stage 
of 1-2} million reversals of dry fatigue may cause a 
slight improvement in the subsequent behaviour of the 
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Table II 


RESULTS OF TESTS ON COLD-DRAWN WIRE 
CARRIED OUT ABOVE THE STRESS RANGE 


Air Fatigue Followed by 


Air Fatigue, Corrosion Fatigue, Corrosion Fatigue, 


kilocycles kilocycles kilocycles 
Ist Stage 2nd Stage 
2050 297 1000* 445 
1804 375 1015* 401 
1455 475 1560* 338 
1832 403 1000* 391 


* Specimen unbroken 


material under corrosion-fatigue conditions. The 
improvement is small, however, and may fall within 
the experimental scatter of the tests. It is reasonable 
to suppose that shorter periods of dry fatigue would 
have even less effect on the corrosion-fatigue life. 

Considerably longer periods of dry fatigue could 
have established more certainly whether the slightly 
improved behaviour was, in fact, real. This point 
was not investigated, since the time required for each 
individual test would be 1-2 weeks. 

When the applied stress is above the fatigue limit, 
the life of the specimen, even in dry fatigue, is limited. 
The stress value for investigation was therefore chosen 
to give a fairly long life under these conditions. 
Originally, the intention was to measure the effect 
of different amounts of dry fatigue on the subsequent 
life in corrosion fatigue. In fact, only two such 
points were obtained and, as the corrosion-fatigue 
life was not significantly altered by previous dry 
fatigue, the experiments were discontinued. 

It is quite probable that short periods of dry fatigue, 
above the fatigue limit, would slightly improve the 
subsequent corrosion-fatigue life and that longer 
periods, when a certain amount of fatigue damage had 
been produced, would shorten it somewhat. How- 
ever, using the present testing method, such changes 
could be established only with difficulty, owing to the 
relatively large scatter of results. The matter 
possesses limited practical importance since it is 
unlikely that structures would be deliberately 
subjected to stresses greater than their fatigue limit. 

A further group of tests, below the fatigue limit, 
was carried out on annealed wire specimens because 
it was considered that any effect of previous dry 
fatigue on the subsequent corrosion-fatigue life might 
be more marked with an unworked material, in which 
there would be no disorganized material at the outset 
of the test. 

Wire specimens were, therefore, annealed at 950° C. 
and their surface defects were removed by electro- 
polishing, as described on pp. 72-73, to avoid 
deformation of the surface. A solution of M/100 KCl 


Table III . 


RESULTS OF TESTS ON ANNEALED WIRE 
CARRIED OUT BELOW THE STRESS RANGE 


Air Fatigue Followed by 


Air Fatigue, Corrosion Fatigue, Corrosion Fatigue, 


kilocycles kilocycles kilocycles 

Ist Stage 2nd Stage 

2387 9638* 1831 

Unbroken 1166 10,285* 1636 

10 ,000* 1383 9503* 2278 

1919 10,702* 1549 

* Specimen unbroken 
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Fig. 2—Formation of micro-cracks in relation to 
deformation marks: (a) and (b) serrated cracks. 
Air-fatigue above fatigue limit < 1000 
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Fig.3—Composite photograph of peripheral crack 
and deformation marks obtained by rotation of 
wire for each of four separate exposures. 
Electropolished, air-fatigue to failure x 500 
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Fig. 4—Specimen of Fig. 3 repolished, showing 
peripheral crack, with deformation marks 
removed x 500 
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Fig. 5—Specimen of Fig. 4 etched in 2”, nital, 
showing peripheral crack in relation to grain 
structure. Differing slightly from Fig. 3 owing 
to removal of metal during repolishing x 500 
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Fig. 6—Electropolished specimens: (a) unetched ; (6) etched in 2°, 


nital. Air-fatigue above fatigue limit 
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Fig. 7—Electropolished specimens: (a) repolished, showing minor 
transcrystalline crack; (b) as in (a) but etched in 2°, nital, 


showing crack passing through pearlite. 


Air-fatigue to failure 
x 700 


(b) 











Fig. 8—Micro-cracks produced in corrosion fatigue. Stress below 


fatigue limit, with M/100 KCi corrosive solution : (a) after 
electropolish ; (b) cracks opened by tension ; (c) similar to (a 
but nital etched ; (d) similar to (b) but nital etched 700 


Whitwham and Evans 








*xoidde ggcl » 8NSIVV} UOISOIIOD 19}je [EWU °,.7Z UT 
Ppeyaq “UOHNJOS sAISOIIOD [DOM OOL IN WM ‘HUNT ensyejJ-11e 
®AOGB SSIIIG  ‘*SYOVID 9NGIRVJ-UOISOIIOD JO UISIIQ—OI pure 6 ‘SSIy 


Arepunog ures & ye SuljAVys YOVID— Ol “SIA wid UOIsO1109 & 1v UIeAS UINIIM. SuNAKIS YOvin—~s ‘SI 





7 
} 


Lvans 


Whitwham and 








Transerystalline 


Intercerystalline with 
transerystalline branches 


Fig. 11 
fatigue limit, with M/100 KCI corrosive solution. Etched in 2°, 


nital 


Early stages of corrosion-fatigue crack. 
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WHITWHAM AND EVANS : INFLUENCE 
instead of M/10 KCl was used to increase the corrosion- 
fatigue life, and thus to determine more easily any 
significant change in its value. Annealing of the 
wire causes a change in all its mechanical properties, 
including the value of Young’s modulus which is 
required for calculating the applied stress from the 
angle of flexure ; the value of Young’s modulus was 
assumed to be 13-4 x 10° tons/sq. in. This may 
not be quite correct, but any error will be the same 
in each test. The applied stress range was below the 
air-fatigue limit for the material, based on ten million 
reversals of stress. 

The stress was 11-8 tons/sq. in., the material was 
annealed mild-steel wire with electropolished surface, 
and the corrodent was an aerated M/100 KCl solution. 
The results are given in Table III. 

Thus, with annealed mild-steel wire, tested under 
the present conditions, it was once again found that 
a preliminary period of air fatigue had little or no 
effect on the subsequent behaviour of the material 
under corrosion-fatigue conditions. 


METALLOGRAPHIC STUDIES 

Gough and Sopwith,! during a microscopic examina- 
tion of the corrosion-fatigue process in aluminium, 
observed that corrosion had occurred with the 
formation of many small pits, a localized attack with 
larger pits, and preferential attack on slip bands. 

In the present work, parallel studies have been 
made on polished steel wires at different stages of 
both the air-fatigue and corrosion-fatigue processes. 
Annealed wire specimens were used throughout ; 
these were electropolished to remove surface defects, 
the resulting surface being eminently suitable for 
immediate micro-examination. 


Air Fatigue Followed by Tension 

Some electropolished annealed wires were sub- 
jected to different (known) numbers of reversals of 
stress, above the fatigue limit, and were then removed 
for micro-examination. To open up any surface 
micro-cracks produced in this process, the ends of 
each wire were cut off to make a tensile specimen 
10 in. long. The specimen was then broken in a 
tensometer and its tensile properties were recorded. 
The object of these tests was : 

(i) To discover the stage of fatigue at which micro- 
cracks are formed, and their place of origin 

(ii) To find what changes of tensile properties are 
brought about by fatigue. 

The latter information is summarized in Table IV, 
and the results of micro-examination are described on 
p. 76. 

The stress was 16-55 tons/sq. in., and the material 
was annealed mild-steel wire, with electropolished 
surface. 


Changes During Air Fatigue 

During an air-fatigue test on polished annealed 
wire, the repeated application of stress, greater than 
the fatigue limit, results in the plastic deformation of 
many grains as a preliminary to the development of 
micro-cracks and failure. Simultaneously, heat is 
generated in the specimen and a superficial oxidation 
of the surface follows. Air fatigue should probably 
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be regarded as a case of corrosion fatigue ; whether 
the corrosion reaction is something more complicated 
than direct oxidation is uncertain. 

When stress is applied to the wire by bending it 
into an arc, the peak stress occurs at mid-span and 
falls off in value on either side of this point. Changes 
therefore tend to occur first, or are more pronounced, 
at mid-span, but they are not restricted to this 
region. 

Heat Generation—From the start of the test heat 
is generated in the wire which quickly becomes too 
hot to touch at the centre, though the temperature 
falls off towards the ends. The maximum tempera- 
ture attained at any point will be governed by the 
relative rates of heat lost to the surroundings and 
heat produced by internal friction. At the centre of 
the wire the measurable temperature is probably of 
the order of 200° C., but at certain localized regions, 
such as slip planes, it may temporarily be much 
higher. 

Oxidation—The increased temperature of the wire 
which develops during the fatigue process causes 
superficial oxidation of the polished surface and pro- 
duces interference tints of first-order straw and blue. 
The tints suggest that the average thickness of this film 
is greatest at the centre and remains thin (invisible) 
at the ends of the wire. Ona micro-scale the tints 
are not uniform but vary slightly from grain to grain 
because of differences in orientation. 

Deformation Marks—Marks, presumably caused by 
plastic deformation, appear on the polished surface 
of the wire at an early stage of the fatigue test ; these 
marks vary in character from the delicate trace ot 
the usual slip band to a coarse black zone or band. 

By fatigue-testing a wire at 16-55 tons/sq. in., and 
then interrupting the test at various stages for micro- 
examination, it was shown that deformation marks 
were produced after only 10 kilocycles of rotation. 
As the test was continued, the deformation marks 
began to develop over a greater length of the wire 
(up to 8 in.); at mid-span, however, these marks 
were more numerous. After 200 kilocycles all the 
deformation marks were removed by electropolishing 
for 2 min.; the test was then continued and again 


Table IV 


CHANGES IN TENSILE PROPERTIES OF MILD- 
STEEL ANNEALED WIRE BROUGHT ABOUT 
BY FATIGUE 














| After Air Fatigue 
Specimen Reversals of Air 
No. Fatigue 
| U.T.S., | Elongation, 
| tons sq. in. | min. 
| Pod 
1 0* | 32-15 | 6-2 
2 51* | 32-60 | 5:4 
3 100* 32-60 | 4-9 
4 289* | 32:95 | 3:3 
5 495* 33-90 | 3°15 
6 546* | 33:14 | 3-1 
7 457 | 7 
8 506 
9 632 














* Specimens unbroken 
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the marks reappeared and increased in number until 
failure occurred. 

In certain grains two systems of deformation marks 
were noted, indicating that slip had occurred on two 
sets of planes (see Figs. 2a, b, and c). It may be 
noted also that the coarser markings are much thicker 
than the usual slip band and, in general, are more 
widely spaced and less straight. Most, if not all, of these 
deformation marks must have been produced when the 
wire was well above room temperature ; they should 
therefore reflect any modification of the slip process 
caused by the increased temperature. Each coarse line 
possibly represents a zone in which several slip 
planes, and not one only, have been used in a 
* forward-backward ’ slip deformation. 

The deformation marks arise probably from slight 
changes in the topography of the grains, because they 
may be removed entirely on electropolishing for 3 min.., 
as shown by Figs. 3 and 4. On etching the re- 
polished specimen in 2°, nital, fainter traces of plastic 
deformation are again revealed, as may be observed 
by comparison of individual grains in Figs. 3 and 5. 
The marks developed by etching are, however, on a 
much finer scale, and do not correspond in detail to 
the original marks. 

Finally, if a polished specimen, showing the coarse 
deformation marks developed by fatigue, is etched in 
2° nital without an intermediate electropolish, these 
marks disappear, but are replaced by a finer-scale 
structure which is visible on most of the grains (ef. 
Figs 6a and b). No explanation of this effect can 
be given, but the phenomenon, together with the 
others described, may have useful applications in 
revealing the distribution of strain on a micro-scale. 


Micro-cracks—The scatter of results in fatigue 
testing makes it impossible to forecast the exact 
life of any one specimen : it also follows that any two 
apparently similar wires tested under the same con- 
ditions are not strictly comparable. 

Specimen 1 (Table IV). which had suffered no 
previous fatigue, constitutes a straight tensile test of 
the annealed wire : failure occurred near the middle, 
and was of the usual cup-and-cone type. Specimens 
7, 8, and 9 were taken to failure by fatigue, and 
micro-examination then showed the presence of 3-6 
major peripheral cracks (including the one which had 
caused failure) ; these cracks were distributed over a 
length of about 1 in. on either side of mid-span. In 
addition, a number of minor cracks, which passed 
through a few grains, were also detected (see Figs. 
7a and b); these were distributed over a length of 
about 3 in. on either side of mid-span. Of the 
remainder, specimens 2, 3, 5, and 6 showed no sign 
of any crack, either after the fatigue period or after 
tensile failure. The fracture, of cup-and-cone type, 
had been displaced from the middle towards one end 
of the wire, presumably as a result of preferential] 
work-hardening at mid-span. The remaining specimen 
4 showed a number of incipient cracks after tensile 
failure ; the fracture. which had been initiated by 
one such crack, had occurred apparently by a shearing 
process at 45° to the wire axis. However, these cracks 
did not serve to lower the tensile strength of the wire. 

The presence of micro-cracks in specimen 4, after 
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a comparatively short period of fatigue, is best 
explained by assuming it to be a * rogue specimen ’ 
which would shortly have failed. Neglecting this 
result, it seems probable that detectable micro-cracks 
do not occur in the surface until a late stage in the 
fatigue process. However, because several major 
cracks were discovered in wires which had failed 
under fatigue alone, it is fairly certain that at least 
some of these must have originated and spread some 
time before the actual failure. 

As the period of air fatigue was prolonged, the 
recorded values of ultimate tensile stress rose very 
slightly : the effect was small but is probably signifi- 
cant. It is clear, nevertheless, that once fatigue damage 
sets in, the measured U.T.S. will fall. The falling-off of 
elongation after air fatigue is much more definite and 
is, presumably, the result of work-hardening. Since 
the stress applied by bowing is maximal at mid- 
span and falls off continuously towards the ends, 
different parts of the wire tested will be cold worked 
in different degrees. The fall in elongation thus 
reflects the total change in properties of each part of 
the wire. 

The photomicrographs, Figs. 3, 4 and 5, show a 
small portion of a micro-crack in relation to the surface 
markings. Figure 5 shows that the path of the crack 
across an individual grain is often parallel to the defor- 
mation marks which accompany it. Figures 3 and 5, 
which refer to the same crack, also demonstrate how 
the crack sometimes undergoes a slight change in 
direction on crossing a boundary into the neighbouring 
grain. It is also fairly certain that the path of the 
crack, normally transcrystalline, may occasionally 
follow a grain boundary, but rarely for more than one 
boundary, before it again becomes transcrystalline 
(see Fig. 5). 

The path of the crack is not always straight or eve 
continuous across a grain, but may be serrated. 
Several examples of this effect are shown in Figs. 2a 
and 3. With such cracks it will be noted that certain 
portions are again parallel to the main direction of the 
deformation marks ; these portions are joined up by 
short cracks which make an angle with the main 
direction. 

After air fatigue at a stress range below the fatigue 
limit, the corresponding changes. even after 25 million 
cycles, are very slight. Thus, little or no heating of 
the specimen occurs and no heat tints are developed. 
Micro-cracks do not develop, and the deformation 
marks are restricted to a very small proportion of 
the grains. 

The heating produced above the fatigue limit could 
probably be used as a rapid means of determining the 
value of that limit ; it would only be necessary to run 
the machine for a few minutes and to touch the wire 
with a dissimilar metal joined through a millivolt- 
meter to the machine; a rise in temperature would 
produce a thermo-electric e.m.f. 

Corrosion Fatigue Followed by Tension 

A series of electropolished annealed wires were 
protected with polystyrene lacquer, except for a 
0-5-cm. length at mid-span, and were subjected to 
corrosion fatigue by M/100 KC! solution for different 
periods ; the remaining strength of each wire was then 
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Table V 
LOSS OF STRENGTH OF POLISHED ANNEALED 
WIRE AFTER CORROSION FATIGUE BELOW 
THE AIR-FATIGUE LIMIT 




















Specimen Reversals of Corrosion Remaining U.T.S., 
No. Fatigue, kilocycles tons’sq. in. 
1 403* 32-457 
2 763* 32-45t 
3 1467* 28-8 
4 1483* 29-6 
5 1773* 28-1 
6 1919 | 
7 1383 
8 2387 | 








* Specimen unbroken 
+ Broke in tension, but not within corroded region 


determined with a tensometer. The applied stress 
range of 11-8 tons/sq. in. is below the air-fatigue 
limit. The objects of these tests were : 
(i) To determine any relation between the distri- 
bution of corrosion and any metallographic feature 
(ii) To obtain a measure of the damage produced 
in a given specimen by its loss of strength. 

The results are recorded in Table V, and are 
described below. 

The stress was 11-8 tons/sq. in. (below air-fatigue 
limit); the material was annealed mild-steel wire 
with electropolished surface, and the corrodent was 
an aerated M/100 KCl solution. 


Changes During Corrosion Fatigue 

The increasing damage to wire specimens caused 
by corrosion fatigue is reflected by their loss in tensile 
strength, and is also confirmed by micro-examination 
of the corroded regions. Each wire was examined 
after the corrosion-fatigue period, again after failure 
in tension, and finally after cathodic cleaning to 
remove most of the adherent rust. 

Specimens | and 2 (Table V), after a considerable 
period of corrosion fatigue, did not, however, fail 
within the corroded zone when subsequently broken 
intension. The strength of both specimens was little 
affected, though in both cases a number of micro- 
cracks, of length 1-3 grains, were opened up on the 
corroded surface. Immediately after the corrosion- 
fatigue period, each wire displayed a number of small 
rust spots ; associated with each spot a tongue-shaped 
region showing interference colours extended around 
the circumference of the wire in a direction opposite 
to that of rotation (see Fig. 12). Similar colours are 
found under conditions of static immersion, and are 
commonly ascribed to hydrated ferric oxide. It 
would appear that such films could be produced only 
by precipitation of a corrosion product in intimate 
contact with the surface, through hydrolysis and 
oxidation of ferrous salts formed at anodic points 
(possibly helped by cathodically formed alkali), since 
they appear not at the place of corrosion, but on the 
adjacent uncorroded surface. The micro-cracks which 
are opened up under tensile stress are marked as fine 
dark lines after corrosion fatigue. Such lines are 
believed to be due to the combined effect of corrosion 
and slip deformation—the latter being induced by 
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the stress concentration arising from the original 
corrosion pit. : 

As the period of corrosion fatigue was prolonged, 
the resultant corrosion did not become general 
but it spread around the circumference of thé 
wire with the formation of 8 to 20 partial or 
complete rings of rust. Between these rings the 
material showed no attack, though layers of rust 
and interference films had been deposited there. 
At this stage, the tensile strength had been reduced 
significantly and, at the site of each rust ring, a major 
peripheral crack had been opened ; the fracture was 
itself initiated at one such ring. Whenever the rust 
ring around the wire was not complete, the application 
of tension caused heavy localized deformation at the 
stress concentration. Many of these effects are 
demonstrated diagrammatically in Fig. 13. 

Despite the highly localized corrosion and cracking, 
it is evident that the remaining strength of the wire 
is still considerable, even after prolonged corrosion 
fatigue. Therefore, the major damage, as judged 
by loss in tensile strength, occurs in the late stages 
of the corrosion-fatigue process (as in air fatigue and 
also in the stress corrosion of light alloys®). 

After corrosion fatigue, the adherent rust made it 
difficult to discover, by microscopical examination, the 
exact places of attack. When it was removed by 
cathodic cleaning, a dark channel was visible at the 
site of each rust ring, into which it was impossible to 
focus. However, at the edges of each channel, line 
corrosion and/or cracks were visible, presumably the 
result of slip-band corrosion. 

This type of highly localized attack could be 
distinguished more satisfactorily on the region 
adjacent to the exposed surface. Here, a super- 
ficial attack occurred below the lacquer, with the 
formation of a thin layer of rust ; most of this rust 
could be peeled away with the lacquer layer to reveal 
the metal surface. Typical areas are shown in 
Fig. 8, in which the pearlite regions have been 
darkened, and the ferrite grains have been etched 
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Fig. 12—Appearance of wire surface after short period 
of corrosion fatigue. Micro-examination 
Fig. 13—Appearance of wire surface after prolonged 
— fatigue, then tension. Micro-examina- 
tion 
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in parts. Figure 8b shows the micro-cracks which 
have been opened under tension, and Figs. 8¢ and 
8d demonstrate respectively the occurrence of slip- 
band corrosion and micro-cracks in relation to the 
alloy structure, as developed by etching in 2% nital. 

These and other observations suggest that the 
path of the corrosion-fatigue attack and cracking is 
predominantly transcrystalline ; there appears to be 
no special tendency to avoid pearlite areas. 

A few corrosion-fatigue experiments have been 
carried out above the fatigue limit with the object 
of cutting down the amount of corrosion needed for 
cracking. Figure 9 shows where corrosion, starting 
in the centre of a grain, has initiated cracking. Figure 
10 shows where cracking has started on a grain 
boundary, probably at a place where three grains 
met, and is extending in an intercrystalline manner. 
Figure 11 shows a crack which is partly transcrystal- 
line but partly intercrystalline, with transcrystalline 
branches starting from the latter portion. These 
three specimens were etched in 2%, nital after corrosion 
fatigue. 


DISCUSSION 


Relations between Corrosion Fatigue and Other Forms 
of Failure 

Intergranular Attack—If a material, containing an 
intergranular network more susceptible to corrosion 
than the substance composing the grains, is placed in 
a liquid just sufficiently aggressive to attack the net- 
work but to leave the rest untouched, intergranular 
attack may be expected. Usually, the network will 
provide the anodes of the corrosion cell, and the rest 
of the grains will provide the cathodes, so that the 
latter may receive additional protection, making 
sharper the distinction between attacked and un- 
attacked portions. However, intergranular attack 
can be expected only if the chemical or electrochemical 
contrast between the grain interiors and grain edges 
is sufficiently pronounced, and if the liquid is one 
which can act selectively ; a liquid so strongly corro- 
sive as to produce general attack will fail to start 
intergranular penetration. 

Stress Corrosion—Although for a given amount of 
metal destroyed, intergranular corrosion must produce 
more weakening than general corrosion, its effect on 
mechanical properties becomes far more pronounced 
if a tensile stress is applied during the attack, since 
the destructive effect is then concentrated on a limited 
number of grain boundaries, notably some of those 
running at right-angles to the stress direction. Under 
such conditions, the intergranular grooving produced 
by the corrosion may at certain points lead to a stress 
concentration sufficient to start cracks, which propa- 
gate themselves inwards by conjoint mechanical— 
chemical action. Probably the chemical attack helps 
the mechanical cracking by destroying any mechani- 
cally strong bridges which would otherwise hold up 
the advance of a crack, whilst the mechanical stress 


aids the chemical action proceeding at the tips of 


suitably orientated cracks, by rupturing chemically 
resistant bridges, breaking up protective films, and 
possibly shifting the potential in a direction favourable 
to anodic corrosion as a result of plastic deformation. 

The occurrence of a chemically sensitive network 
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between relatively resistant grains may come about 
in different ways. If an alloy be imagined to consist 
of two phases possessing the properties of platinum 
and sodium respectively, with the whole of the sodium- 
like phase present (as eutectic or otherwise) along the 
intergranular borders, forming a nearly continuous 
network, intergranular attack would be likely, what- 
ever the reagent. When the contrast between the 
two phases is smaller, intergranular attack (and stress 
corrosion, which is a special form of it) is only to be 
expected if the liquid is just sufficiently aggressive 
to attack the one and spare the other. It is com- 
monly believed that the susceptibility to stress 
corrosion which various Al-Mg and Al-Cu alloys 
acquire after certain heat-treatments, is due to a 
network consisting of material anodic towards the 
main phase ; in the first case, the anodic substance is 
believed to be the 8-solid solution, whilst in the second 
case it is thought to be aluminium having a much 
lower concentration of copper in solid solution than 
exists in the grain interiors. Opinion is divided as 
to the correctness of the descriptions just suggested 
for the attackable phase, and lately other views have 
been developed, suggested by the fact that temper- 
hardening alloys and ageing steels appear to be 
specially sensitive to stress corrosion. 

According to these views, the attackable substance 
consists of disarrayed material formed along the grain 
boundaries during the ageing or tempering. In 
ageing and hardening changes there is a passage from 
a supersaturated solid solution, which although un- 
stable is likely to be accurately arrayed as regards 
its crystal structure, towards a state more stable in 
the thermodynamic sense. In changing from one 
crystallographic arrangement to another, the atoms 
must pass through intermediate states characterized 
by great disarray. Sometimes these intermediate 
states may be associated with great mechanical 
strength, and are then considered desirable (as in 
age-hardening alloys). Under other conditions, the 
disarrayed atoms are more quickly removable than 
the accurately aligned atoms (even though, thermo- 
dynamically, the intermediate product may be more 
stable than the material from which it is formed). 
Since atomic rearrangements take place most readily 
at grain boundaries (where the atoms affected by two 
orientations are less strongly held than elsewhere), it 
is not surprising, after certain heat-treatments, to find 
attack concentrated upon grain boundaries, leading 
to stress corrosion if a tensile stress is applied during 
the attack. 

Stress corrosion can cause cracking to extend along 
any paths of low chemical and mechanical resistance 
which run in the right direction. As already stated. 
these are often intergranular in character, but some- 
times, as in magnesium-base alloys, they may be 
transgranular. Since, however, cracking is only 
likely if the material has been so treated as to produce 
paths definitely more susceptible to attack than the 
main part of the material, and if the liquid is one 
which will act preferentially on the material of the 
paths, leaving the rest untouched, it follows that the 
stress corrosion produced by simple tensile stressing 
is not a very common phenomenon. 

Corrosion Fatiqgue—In the case of corrosion cracking 
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produced by alternating stress, almost any corrosive 
liquid can produce failure on almost any material, 
irrespective of its previous heat-treatment. This is 
probably because the deformation itself produces 
disorganized and chemically sensitive material. Even 
though the stress range applied is below the fatigue 
limit, there may be notches, cavities, or other defects 
which allow local plastic deformation to take place 
in the opening stages, as a result of stress intensifi- 
cation. In the absence of a corrosive substance, 
however, the disorganization of the material along 
any temporary slip bands brings about a rise in the 
elastic limit (work-hardening), and in due course the 
whole specimen subjected to alternating stress is able 
to undergo elastic, as opposed to plastic, deformation. 
If, however, a corrosive agent is present, the dis- 
arrayed material formed locally along small slip 
bands may be very susceptible to attack, and usually 
the contrast between the disarrayed and undisarrayed 
material will be so pronounced that the latter remains 
quite unattacked. Very fine cracks therefore advance 
inwards, by conjoint chemical—mechanical action, 
until the specimen breaks. It would seem that, 
whereas stress corrosion due to simple tensile stress 
requires pre-existing paths of chemically weak matter 
produced by previous heat-treatment or otherwise, 
corrosion fatigue, set up by alternating stresses, manu- 
factures its disorganized sensitive matter as the crack 
advances. Thus the cracks follow, on the whole, the 
directions along which incipient or temporary gliding 
would be likely to produce disorganized matter. 

It would also appear that the special susceptibility 
of the disarrayed metal is effective only if the corrosive 
liquid acts upon it while the atoms are ‘on the 
move ’ and while the metal at the tip of the advancing 
crack is very hot. The experimental results recorded 
in this paper suggest that if the displaced atoms are 


given time to ‘settle down’ and ‘cool,’ they cease 
to be specially susceptible to attack. 

The explanation suggested serves to interpret the 
general character of the cracks shown in the photo- 
micrographs ; it is evidently an over-simplification to 
suggest that corrosion fatigue always produces trans- 
granular cracking, and stress corrosion always inter- 
granular cracking. There are places where corrosion- 
fatigue cracks become intergranular, and examples 
are known (e.g., in magnesium-base alloys) where 
stress-corrosion cracking is transgranular. A more 
important distinction is that corrosion fatigue can 
produce damage with almost any combination of 
material, heat-treatment, and corrosive agent, whereas 
stress-corrosion cracking occurs only after certain 
unfortunate combinations of these three factors. 
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A NOTE ON REPRODUCIBILITY IN CHEMICAL ANALYSIS* 


By J. 


Mr. A. G. Rimmer (The B.S.A. Group Research 
Centre, Sheffield) wrote: Mr. Lay has described the 
procedure adopted in standardizing methods of chemical 
analysis as follows: A number of laboratories perform 
replicate analyses on a homogeneous material, and from 
an inspection of the results by an experienced committee, 
the analytical method is either adopted as standard or 
referred for further investigation. 

Objective statistical methods are available for the 
assessment of standard methods of analysis, and have 
been described by Wernimont? and Mitchell.* A standard 
method should be reliable, and should give results of 
sufficient accuracy and precision. Reliability may be 
defined as statistical homogeneity, accuracy as the 
difference between a determination (or the mean of a 
number of determinations) and the ‘ true’ value (should 
this be known), while precision may be assessed by 
standard deviation. If a method is not reliable, depend- 
able figures for accuracy and precision cannot be obtained. 

Statistical quality-control methods enable the relia- 
bility, accuracy, and precision of analytical methods to 
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0. Lay 


be determined in a simple manner, and using the standard 
British procedure* for constructing quality-control 
charts, the writer has examined some determinations of 
aluminium in permanent-magnet alloys. These analyses 
were made during the development of a method sub- 
sequently published as a British standard.‘ Ten labora- 
tories each performed ten replicate determinations of 
aluminium in a metallurgically homogeneous alloy, and 
the results, together with means and standard deviations 
for each laboratory, are given in Table A. 

The quality-control charts are shown in Fig. A. It 
will be seen that the means from laboratories 2, 4, 5, 6, 
7, and 9 are ‘out of control’ (i.e., outside the 99-8% 
confidence band), while the standard deviations from 
laboratories 3 and 9 are ‘ out of control.’ The results 
are therefore not reliable, and no useful estimate of the 
accuracy or reproducibility of the method can be made. 
Analysis of variance confirms that the between-labora- 
tories variance is significantly greater than the within- 

* Journal of The Iron and Steel Institute, 1949, vol. 
163, Nov., pp. 310-312. 
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TABLE A—LABORATORY DETERMINATIONS OF ALUMINIUM IN HOMOGENEOUS ALLOY 
Grand mean = 7-215%. Pooled within-laboratories variance = 0-0028991. Standard deviation = 0-054 






























































Aluminium Content, wt.-°, Diantere 
Lab. Moen, = Deviation, 
1 2 3 4 . 6 7 8 9 10 % 

1 7-18 | 7-20 | 7-25 | 7-18 | 7-25 | 7-31 | 7-29 | 7-33 | 7-26 | 7-31 | 7-256 3027 0-055 
2 7-12 | 7-08 | 7-10 | 7-16 | 7-21 | 7-22 | 7-16 | 7-10 | 7-11 | 7-12 | 7-138 2284 0-048 
3 7-23 | 7-33 | 7-40 | 7-40 | 7-37 | 7-24 | 7-16 | 7-13 | 7-13 | 7-15 | 7-254 | 12,560 0-112 
4 7-10 | 7-17 | 7-15 | 7-12 | 7-17 | 7-18 | 7-16 | 7-12 | 7-18 | 7-17 | 7-152 818 0.029 
5 7-28 | 7-18 | 7-25 | 7-22 | 7-31 | 7-43 | 7-25 | 7-43 | 7-32 | 7-32 | 7-299 6766 0-082 
6 7-19 | 7-16 | 7-13 | 7-16 | 7-16 | 7-15 | 7-10 | 7-14 | 7-15 | 7-18 | 7-152 640 0-025 
7 7-32 | 7-35 | 7-37 | 7-34 | 7-35 | 7-30 | 7-32 | 7-37 | 7-36 | 7-33 | 7-341 543 0-023 
8 7-18 | 7-19 | 7-22 | 7-23 | 7-25 | 7-18 | 7-18 | 7-22 | 7-20 | 7-20 | 7-205 583 0-024 
9 7-16 | 7-14 | 7-14 | 7-12 | 7-16 | 7-13 | 7-17 | 7-15 | 7-16 | 7-13 | 7-146 271 0-016 
10 7-25 | 7-20 | 7-19 | 7-23 | 7-18 | 7-13 | 7-23 | 7-25 | 7-20 | 7-25 | 7-211 1499 0-039 

laboratories variance. The conclusion from Table A is In general, variant (i) will be found only where un- 


therefore that the scatter, both of means and of standard — skilled operators are employed, and in the experience 
deviations, is too great to be due to chance, and that of the Methods of Analysis Committee the alternative 
assignable causes of error are operating which can be _ possibilities, 7.e., inhomogeneous samples or extremely 
eliminated during the development of the standard critical operations in the method being investigated, 























analytical procedure. seldom occur. Variant (iii) is, of course, the ideal and, 
ail _ : B starting from variant (ii), the Committee’s aim is to 
AUTHOR'S REPLY progress as far as possible in that direction. T 
Mr. J. O. Lay wrote in reply : Mr. Rimmer sums up On examining variant (ii) in more detail, it becomes 
in an admirable manner the application of statistics to apparent that subdivisions can exist. For instance, Th 
the results of chemical analysis. One aspect which the some operators may show a greater spread of results iro 
statistician generally overlooks, however, is the human than usual, or may report reproducible results with a dec 
element, and consideration of the operation of this factor constant error from the true figure. Having already ae 
in the present field may be of interest. been satisfied that, under normal conditions, all operators ; : 
Any block of experimental results may fall in one of | show good reproducibility, either of the above phenomena ec 
three classes : may be due to an error in the chemistry or an indefinite iod 
(i) Operator-results variable, laboratory-averages *tatement in the drafting of the method. Statistics, to 
necessarily unreliable however, cannot tell us which ! fus 
(ii) Operator-results concordant, laboratory-averages It follows, therefore, that the scientist must apply his ] 
variable knowledge in the hope of improving the method to such of 1 
(iii) Operator-results concordant, laboratory-aver- a point that it gives results more reproducible than any per 
ages concordant. obtainable previously, preferably without introducing to t 
difficult or tedious operations. It is extremely unlikely g 
that all sources of error will be eliminated, and it must —— 
therefore be stated within what limits of accuracy two mal 
separate operators can expect their average results to kin 
lie. In short, the scientist wants to report the correct ture 
result and is not really interested in knowing that one 
result in twenty will ‘probably lie outside a certain 
statistically defined limit. Mat 
As a comparison with Mr. Rimmer’s figures, reference 7 
2 may be made to an article by Scheuer and Smith,® in pre] 
= 7b 4 which laboratory- and operator-variations are graphically Coo! 
= represented and compared. Some of the results obtained The 
£ in the work of the Methods of Analysis Committee are pr oes 
5 0410 being treated in a similar manner, and the initial indica- 5 1 
a tions are, as might be expected with referee analyses, 
> 0-08 that more shallow curves, but of the same general form of 9 
< and relationship as those shown, are obtained. Further in t] 
amplification of this statement, with detailed figures, is 
0°06 intended at a later date. Appi 
0:04 » 
REFERENCES in F 
0:02 1. G. WERNIMONT: Analytical Chemistry, 1947, vol. 19, bm 
Dec., p. 985. 95 m 
fe) 2. J. A. MITCHELL : Jbid., pp. 961-967. oute! 
| a ae 5. 49 3. B. P. DuDDING and W. J. JENNETT: “ Quality- space 
LABORATORY Control Charts. British Standard 600R: 1942. tube 
For statististical homogeneity 95% of the points should lie between 4, “‘ Methods for the Analysis of Steel. art 4— 
the inner control lines (ICL), and 99-8% of the points should lic) Aluminium in Permanent-Magnet Alloys.” British wax 
between the outer control lines (OCL) Standard 1121: Part 4: 1948. of wl 
Fig. A—Control chart a means and standard devia- 5. EK. SCHEUER and F. H. Smitu: Metallurgia, 1949, Th 
tions Nov., p. 44. C,D, 
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Studies in the Deoxidation of Iron 


DEOXIDATION BY ALUMINIUM 
By H. A. Sloman, M.A., F.R.I.C., F.I.M., and E. L. Evans, B.Sc. 


SYNOPSIS 


The paper describes the preparation, microscopical examination, and analysis of a series of 19 ingots made 
by adding quantities of iron oxide and aluminium to 300-500 g. melts of pure iron, in vacuo. Results reported 
include the total oxygen contents obtained by the vacuum fusion method, aluminium contents, and the 


chemical and X-ray analyses of the non-metallic residues of alcoholic iodine extraction. 


The inclusions 


consist mainly of «-alumina when aluminium is in stoichiometric excess of the oxygen. Where it is not in 
excess, inclusions also contain hercynite, FeO.Al,O;, and sometimes magnetite, Fe,O,. Where oxygen is in 
large excess, hercynite occurs mainly as dark idiomorphic particles within the spherical wistite inclusions. 
An explanation of the analytical and microscopical evidence is postulated in the light of known phase and 
equilibrium relationships in the Fe-Al-O system. The difficulty of determining the equilibrium constant 


of the deoxidation reaction 2Al 


3FeO = 3Fe + AI,O, is discussed briefly, and in an appendix known data 


are used to derive a value given by log K = — 49,900/T + 14-2 + 3-0. 


HE work described in this paper forms part of an 
investigation into the formation of various 
deoxidation products in the steelmaking process. 

The object has been to study the products found in 
iron at room temperature and which arise from a 
deoxidation reaction in the molten state. These 
products have been examined microscopically and 
by various analytical methods, notably the alcoholic 
iodine extraction method (subjecting the residues 
to chemical and X-ray analysis) and the vacuum 
fusion method. 

Emphasis is placed on the mechanism of formation 
of the deoxidation products, particularly during the 
period of cooling from the initial reaction temperature 
to that below which no further reaction occurs. This 
work is regarded as an essential preliminary to a 
main investigation which is to be carried out on the 
kinetics and equilibria of reactions at definite tempera- 
tures in molten iron. 


PREPARATION OF THE ALLOYS 
Materials 

Three ingots of NPL Mark 2 quality iron were 
prepared by the method described by Sloman and 
Cook,! and were forged to 1-in. dia. bar before use. 
The average chemical analyses of these ingots are 
given in Table I. 

The aluminium used was a commercial product 
of 99-9°% purity. The oxygen addition was made 
in the manner described later in this section. 
Apparatus 

Melting was carried out in the apparatus illustrated 
in Fig. 1. The iron was placed in a slip-cast alumina 
crucible A, of external dimensions 45 mm. dia. and 
95 mm. high. This crucible was contained in another 
outer one B, made of carborundum, the annular 
space being filled with alumina powder. The furnace 
tube, of translucent glazed silica, was sealed by vacuum 
wax to the metallic base and superstructure, both 
of which were water-cooled. 

The superstructure was provided with side-arms 
C, D,and E, connecting the furnace with, respectively : 
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a rough vacuum system; a McLeod gauge and high 
vacuum system; and a source of hydrogen. The 
other side-arm F terminated in a glass tube which 
contained the materials to be added, together with 
a soft-iron ram used in conjunction with a magnet 
to push them into the melt. These additions and any 
hydrogen flow were directed into the crucible by the 
tube G, of brass and fireclay. The furnace was nor- 
mally opened at the lapped flange joint H. The melt 
could be observed through the glass prism J. Viewing 
windows L were also provided. 


Method 

In all the melts, the charge consisted of one or 
two pieces of iron bar of 350-450 g. total weight. 
The oxidized surface resulting from forging was re- 
moved by filing. The aluminium addition was handled 
in one piece which was kept in the side-arm F until 
required. Of the first batch of four melts, A and B 
were intended to contain no oxygen, and were made 
to examine the behaviour, during alcoholic iodine 
extraction, of iron alloys containing appreciable 
amounts of aluminium Melts C and D were to con- 
tain similar amounts of aluminium and an addition 
of 0-:02% of oxygen. The latter was added in the form 
of ferric oxide enclosed in a plugged hole in the base 
of the iron charge. Each of the four preparations 
was carried out in vacuo, the aluminium being added 
as soon as the charge had completely melted. After 
allowing about 10 sec. for thorough mixing of the 
aluminium, the power was cut and the melt was 
allowed to cool and solidify. On analysis of these 
ingots by vacuum fusion and by alcoholic iodine 
extraction, the oxygen contents were found to differ 
widely from the intended values and from each other. 





Paper SM/BB/175/48 of the Gases and Non-Metallics 
Sub-Committee of the Ingots Committee of the Steel- 
making Division of the British Iron and Steel Research 
Association, received Ist November, 1949. The views 
expressed are the authors’ and are not necessarily 
endorsed by the Sub-Committee as a body. 

Mr. Sloman and Mr. Evans are in the Metallurgy 
Division of the National Physical Laboratory. 
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Table I 
CHEMICAL ANALYSIS OF THE NPL MARK 2 IRON USED DURING THE INVESTIGATION . 
é 
Oxide in the Alcoholic “ee octéns expressed as a percentage Total Oxygen, °, for 
int 
Ingot sio, | FeO Al,O, : . 
Iodine Method So Ox. 
Oxide | Oxygen | Oxide | Oxygen | Oxide | Oxygen 

1 0-0009 0-0005 0-0115 0-0025 0-0042 0-0020 0-0050 0-0045 

2 0-0010 0-0006 0-0031 0-0007 0-0036 0-0017 0-0030 0-0010 

3 0-0005 0-0003 0-0051 0-0011 0-0004 0-0002 0-0016 0-0019 























Average contents of other impurities in the iron: C 0-0045°,, Si HTN S 0:0048°,,, P 0-004°,,, Mn 0-002°,,, Ni 0:001°,,, Cu 0-012°,,, 
Mg <0-0005°, 


Oxygen values higher than intended could beexplained enon was, however, not encountered in concurrent 

by incomplete removal of oxide formed during forging work of a similar kind? where manganese was used 

of the original iron. The low oxygen contents found as adeoxidant. Nevertheless, it was decided to employ 

in other cases at first suggested that much of the a different technique in the next series of prepara- 

oxygen added as ferric oxide had been lost owing to tions. The true explanation of the low oxygen 

thermal dissociation prior to melting. This phenom- figures was, however, found at a later stage of the 
investigation (see p. 8d). 

In melts £ to A inclusive, the ferric oxide was 

weighed into a closed cylinder 20 mm. long x 7 mm. 

: dia., pressed out of thin iron sheet. This cylinder was E 

placed in the side-arm F of the furnace togethe: 





































































orn — e with the aluminium. The iron charge was heated "a 

C——) and kept molten over a period of 1-1} hr. in a steady ? 

stream of hydrogen at a pressure of 15-20 ecm. of met: 

J mercury. An optical pyrometer was used to observe ing | 
the approximate temperature of the melt, which wa (a) 

L maintained at about 50° C. above the melting point. alco 

After this treatment the furnace was connected to for 

4 the high-vacuum system. Evacuation was continued for 

for 20-30 min., after which time it was estimated tota 

f that the melt was hydrogen-free. The cylinder _ Vv 

Y containing ferric oxide was then pushed magnetically form 

Y [_——————__ into the melt, followed about 5 sec. later by the long. 

g € aluminium. Aftera further 10 sec. the power was cut Onye 

° ‘ y off. gas 

N Y The adoption of the above technique guaranteed obta’ 

N % é that the iron charge was oxygen-free, and that there ny 

N would be no time for the ferric oxide, as it was added — 

- N to the molten charge, to undergo any appreciable In 

N thermal dissociation in the solid state. — 

e N In a further series, L to Q inclusive, the complica- the | 

N tions of adding ferric oxide in small cylinders were Mier 

: N avoided by employing vet another technique. A wnt 

¢ pean E 4-Ib. (1-8-kg.) iron melt was made as in the prepara- outer 

< — Nf. ; £ tion of NPL Mark 2 iron, the hydrogen reduction extra 

eo NB? f ° being stopped before completion. The mean oxygen faces. 

“ Laem NN 4 content of the resulting ingot was found by vacuum vaou 

. = ’ 3 a fusion to be 0-13%. Charges prepared for deoxidation es 

3 NN f by aluminium consisted of pieces of this iron and of 0 

Ig N : + oxygen-free iron, in the correct proportions to give wis 

NE A " the desired percentages of oxygen. The outer surfaces ct 

CI Ne N of the portions of iron bar used were filed heavily "See 

CJ) NRE =i . to ensure complete removal of scale due to forging. a 

——Wis eT The melt was carried out im vacuo, the aluminium ~— 

N x being added shortly after complete melting, and tlie relatir 

Y Ky power was cut 10 sec, later. ce 

ew Y/ pe Melts R and S were carried out by adding the oxygen nse 

feee Looe! as ferric oxide in a thin iron capsule 2 min. after the each . 

Fig. 1—Sectional view of melting furnace addition of aluminium. anon 

MAY, 
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Ingots 7’ and U’ were made in the same way as 
C and D. Ingot 7 was held at 1000-1200° C. for 
2 hr. after solidification, whereas U was kept molten 
for 1 hr. after the additions were made. 

The amounts of aluminium and oxygen introduced 
into each melt are listed below for easy reference : 


Oxygen and Aluminium Introduced into the Various Melts 


Ingot 02, % Al, % 
A Ae 5 
B ae 0-15 
C 0-02 0-5 
D 0-02 0-15 
E 0-02 0-5 
F 0-02 0-01 
7 0-02 1-0 
H 0-10 0-5 
J 0-10 0-15 
K 0-10 1-0 
L 0-08 0-1 
M 0-08 0-05 
N 0-08 0-025 
| 4 0-08 0-075 
Q 0-08 0-2 
R 0-10 0-25 
S 0-10 0-05 
T 0-10 0-05 
U 0-50 1-0 


EXAMINATION AND ANALYSIS OF INGOTS 


Sampling 

The ingots (A to Q inclusive) were first cut dia- 
metrically into quarters. From roughly correspond- 
ing portions of these sectors samples were taken for 
(2) vacuum fusion analysis for total oxvgen, (5) 
alcoholic iodine extraction of non-metallic inclusions 
for chemical analysis, (c) alcoholic iodine extraction 
for X-ray analysis, and (d) chemical analysis for 
total aluminium. 

Vacuum fusion samples were turned to cylindrical 
form. Their dimensions, 6-9 mm. dia., 18-25 mm. 
long, were varied according to the anticipated 
oxygen content to give a convenient volume of 
gas for analysis. Alcoholic iodine samples were 
obtained by hand-sawing 10 g. of slices 1 mm. thick. 
Samples for chemical analysis of total aluminium 
were obtained by milling. 

In the first four ingots, 4 to D, large discrepancies 
were found between the results for total oxygen by 
the alcoholic iodine and vacuum fusion methods. 
Microscopical examination of these ingots revealed 
an accumulation of alumina particles close to the 
outer surfaces. The samples for alcoholic iodine 
extraction were obtained after light filing of the sur- 
faces, while the preparation of the samples for the 
vacuum fusion analysis had entailed the complete 
removal of the surface layer. Accordingly, in sub- 
sequent work, not less than the outer 2 mm. was 
removed before taking analytical samples for any 
purpose. This led to better agreement between the 
vacuum fusion and alcoholic iodine analysis results. 

Segregation of the oxides to the top of the ingots 
was expected in those ingots which contained a 
relatively high amount of oxygen, and it was originally 
intended to carry out analyses for oxygen and alum- 
inium on samples taken from the top and bottom of 
each ingot. Ignoring the surface segregation just 
mentioned, microscopical examination showed that 
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generally there were no great differences in amounts 
of inclusions between the tops and bottoms of the 
ingots. Accordingly, all analytical samples were 
taken as close to one another as possible, and only 
from around the central portions of the ingots. 
Ingots C and D were, in fact, analysed for oxygen 
by the alcoholic iodine method at the top and 
bottom. In view of the inclusion of the outer layer, 
the results were accepted as indicating only moderate 
segregation. 


Analysis of Ingots 

The analytical results obtained from the first 
15 ingots prepared are summarized in Table II. 
Results of the X-ray examination of alcoholic iodine 
residues from samples of each ingot are given separa- 
tely in Table III. The various analyses were carried 
out as follows : 

Chemical Analysis—Values were obtained for 
the total aluminium content, including both 
‘soluble ’ and ‘ insoluble ’ aluminium. 

Chemical Analysis of Alcoholic Iodine Residues— 
The insoluble non-metallics in the ingot samples 
were isolated by the alcoholic iodine extraction 
method described by Rooney.* The filtered residues 
were ignited and analysed for SiO,, Al,O,, and 
Fe,O, (expressed in the results as FeQ). 

X-ray Analysis of Alcoholic Iodine Residues— 
These residues were obtained by alcoholic iodine ex- 
traction at 30° C. After filtration, they were washed 
off the filter paper with benzene. Analysis was 
carried out by the Debye-Scherrer powder photo- 
graph method. The X-ray diffraction patterns were 
identified by comparison with the available data 
of known substances. By comparing intensities, 
a rough estimate was made of the relative propor- 
tions of the substances present in each residue. 
In almost all cases there was evidence of the 
presence, in small amount, of an additional sub- 
stance whose composition could not be established. 
Chemical evidence suggests that it contained some 
of the small amount of silicon in the original Mark 2 
iron. Magnetite, Fe,0,, was identified in most 
residues from ingots containing a predominance 
of iron oxide over alumina. 

Vacuum Fusion Analysis—The total oxygen 
contents of the ingots were also determined by 
the vacuum fusion method.‘ Since most of the 
ingots contained alumina formed at high tempera- 
tures, a few exploratory experiments were carried 
out to ascertain whether all this alumina was 
reduced during the normal operation of the method. 
Duplicate analyses were made on a few of the 
ingots, using an operating temperature of 1800° C., 
instead of the more usual 1600-1650° C. No signifi- 
cant differences in oxygen contents were found. 





Discussion of Analytical Results 

On adding aluminium to molten iron containing 
dissolved oxygen, alumina is produced in the form 
of insoluble particles. Microscopical examination 
showed that under the conditions in which these 
experimental ingots were made, a large proportion 
of the alumina segregated towards the outer surfaces. 
This may have been caused by the stirring action of 
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* Not determined. 


the induction heating, without which the 
inclusions would have risen to the top, as 
occurs in steelmaking practice when 
aluminium is used as a deoxidant. Be- 
cause of the speed of this segregation it 
was found impossible to retain the de- 
oxidation product quantitatively in the 
main body of the ingot. In the aluminium 
bomb method for the analysis of oxygen in 
liquid steel there is no such stirring effect, 
and cooling is probably sufficiently rapid 
to avoid segregation. This point has been 
investigated by members of the Liquid 
Steel Group of the Gases and Non-Metallics 
Sub-Committee of B.LS.R.A., who are 
satisfied that under the normal conditions 
of taking the bomb sample and selecting 
portions for analysis, segregation is not 
encountered. It is pointed out, however, 
that departure from the standard pro- 
cedure of taking the sample, as laid down 
by the Group, or a difference in the size 
of the bomb, may result in conditions in 
which segregation would occur. 

From Table If it will be seen that the 
alcoholic iodine residues all contained a 
very small, and approximately constant, 
amount of a compound containing silica. 
This arose from the silicon present in the 
original iron. In ingots in which the added 
aluminium was stoichiometrically far in 
excess of the oxygen, and in which, there- 
fore, the ferrous oxide should have been 
completely reduced, small, almost con- 
stant, amounts of FeO were in fact found 
in the alcoholic iodine residues. This is 
probably due, at least in part, to a limita- 
tion of the alcoholic iodine method. It had 
been found previously® that it was not pos- 
sible to obtain values for FeO below 0 -004— 


0-005% (0:001% O,) from samples of 


oxygen-free iron in which the total oxygen 
content given by the vacuum fusion 
method was as low as 0-0001-0-0002%. 

Agreement between vacuum fusion and 
alcoholic iodine analysis figures lies within 
the limits of error caused by segregation. 
The fact that the results obtained by one 
method are not consistently lower than 
those obtained by the other, confirms that 
in the vacuum fusion process the reduction 
of alumina by carbon is complete. 

The amount of total aluminium as deter- 
mined experimentally was in every case 
smaller than the amount added. This was 
to be expected since the determinations 
were carried out on samples taken from the 
bodies of the ingots and did not include the 
aluminium associated with the surface 
segregates. In making ingot H, in which the 
loss of aluminium was outstandingly high, 
a modification of procedure had been intro- 
duced which resulted in the iron solidifying 
before the additions had time to diffuse. 
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ch the Table III 
a, 8 CONSTITUENTS IDENTIFIED BY X-RAY ANALYSIS OF ALCOHOLIC IODINE RESIDUES 
when 
a Be. Residues (extracted at 30° C.) from Ingots, °;, 
ion it 
ie de. Constituent 
a{elc|o|e rla|a|s «|. |m v | P Q 
n the 
ae rs a-Alumina_ 1,0, 100 | 95 | 95 | 95 | 95 | ... 90 | 30/45/80] 5]... | 25 | 95 
=) Hercynite FeO.AlI,O, | ... = co he eae | oe 50 | 45 .. | 40 20 20 wi 
effect, Wiistite FeO eee fe ee eee . | B] S|]... | | 50 | 25 
rapid Magnetite Fe,0, oe3 ose as bs ae bes Fe ies sian 10 30 25 ‘en 
Re ine a-Trydimite SiO, we em eS ey ee ne ee eT! ee ee ie 
seme Unidentified constituent | ? ae ie 3 5 5 10 5 5 | 10 5 |Trace| 3 3 
Liquid | 
aga * Insufficient residue for X-ray analysis. 
— Ideally, all the analyses on any one ingot should The important relationship in such a system as 
be tiga have been carried out on the same piece of metal. this, from the viewpoint of the chemist, though not 
aa This was impracticable, and the values for free metallic necessarily from that of the steelmaker, is that 
oe aluminium given in column 13 of Table II are subject between the unfixed oxygen and the free deoxidant 
| pro- to an unknown error, being the differences between  (i.e., aluminium) left in the iron after reaction. The 
down the total aluminium (column 11) determined on one  deoxidation product, alumina, remaining in the body 
<Reage sample, and aluminium as alumina (column 12) on — of the ingot is important only as far as it may combine 
—s another. This error was kept to a minimum by with any excess ferrous oxide to form hercynite. 
taking adjacent portions of an ingot for the various The relationship between the free aluminium (col- 
at the analyses. Under these conditions it is to be expected umn 13) and oxygen as residual ferrous oxide or in 
ned a that the absolute value of the maximum error would — hercynite (column 4) is shown by the small circles 
stant, be approximately constant over the whole series, plotted in Fig. 2. The original additions of aluminium 
silica. and would have a proportionately greater effect and oxygen are represented by crosses. If the only 
in the at low aluminium contents. This is most evident reaction taking place in the molten ingots were 
added with ingots M and N, in which the free aluminium between oxygen and aluminium to form alumina, 
far in is calculated to be negative in quantity. then each cross and its corresponding circle could be 
there- Table III gives the X-ray analyses of the alcoholic joined by a straight line of slope 3 O/2 Al (= 48/54), 
> been iodine residues. It shows the actual compounds given byline S. In many cases the relative positions 
ners identified in each residue and gives an estimate of of corresponding crosses and circles support this 
found their approximate proportions. Agreement between hypothesis closely. In other cases agreement is not 
this is these and the results of the chemical analyses is so good, particularly in ingots 4, B,C, #2, H,J,and N. 
imita- excellent. The presence of magnetite in residues This can be accounted for in all ingots except J and V 
It had containing a large proportion of ferrous oxide may _ by a deficiency in aluminium in the body of the ingot 
rt pos- be noted; its formation will be discussed later. owing to incomplete diffusion or possibly to volatiliza- 
) 00-4 The unidentified constituent is probably associated tion. An example of this occurrence has already 
les of with the silicon in the iron and its amount should _ been discussed in the case of ingot H. This means that 
_— be approximately constant throughout the series. Its the positions of the crosses corresponding to these 
a proportion in the residue should consequently depend ingots may not represent the true initial conditions. 
“/o-: upon the total amount of residue obtained from the A contributory factor for ingots A, B, and C is that 
tol and ingot. In a few residues silica as «-trydimite was, the samples used in the alcoholic iodine analyses 
within in fact, identified. No X-ray results were obtained s , 
ation. for ingot G, as the amount of residue available was Clb A pe ee _-—~ ° 
< semiaie insufficient. X-ray photographs of the residues from i | 
than ingots N and P showed doubling of the diffuse wal / | 
s that diffraction lines, apparently corresponding to two oo [| 
uction close parameters for FeO, one slightly higher than | 
normal. The parameters for the FeO, in ingots / 
deter- F, J, and K were intermediate between these two. © 0° / 
— The lower parameter only was found with ingot M. * 
= was Returning to Table II, the difference between © / 
ations the amount of aluminium introduced (column 11), 2°°% 
mn the and the amount of metallic aluminium (column 13) 2 
de the remaining in the ingots after solidification, represents © _ Sondé ¢ 
urface the amount of aluminium converted to alumina 6°° [7 
ch the or hercynite, FeQ.Al,0,. The difference between the // 
‘high, amount of oxygen introduced (column 9), and that eee ee | nina tebatagel 
~ remaining in combination with iron in ferrous oxide o ccteae mit bad ieee bl 7 
— or hercynite (column 4), is the amount of oxygen Fig, 2—-Relationship between aluminium and oxygen 
. which has taken part in the above reaction. as FeO 
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for alumina in these ingots included the high concentra- 
tion of the compound near the outer surface, which 
introduces an error into the calculation for free 
metallic aluminium, making it too low. The anomaly 
shown by ingot N, where the final oxide content 
exceeds its intended initial value, probably arises 
from a segregation of oxide in the oxygen-bearing 
portion of the iron charge from which this ingot was 
made. 

There is no explanation of the anomalous final 
composition of ingot J, other than insufficient mixing 
of iron oxide and aluminium with the melt before 
cooling. 

The broken lines originating at the crosses are 
believed to indicate more correctly the initial con- 
ditions for the alloys concerned. 

In the ingots which contained a large excess of 
aluminium over oxygen the deoxidation reaction 
goes virtually to completion if the explanation given 
on p. 84, for the small amount of FeO found in the 
residues, is valid. 

In the ingots F, M, N, and P, in which the alumin- 
ium addition was insufficient to combine with all 
the oxygen, considerable amounts of oxygen associated 
with iron were found, inthe inclusions, by both chemical 
and X-ray analyses of the alcoholic iodine residues. 
This oxygen was present partly as ferrous oxide 
(wiistite) and partly as hercynite. The only anomalies 
in the whole series were J and K, the inclusions in 
which contained an unexpectedly large proportion 
of iron oxide in both forms. This can only be explained 
by incomplete mixing of aluminium. 

Column 14 of Table II gives the value of the 
reaction constant K = [Al]? [FeO]® calculated for 
each ingot. It may be supposed that since the ingots 
cooled slowly this factor relates to the temperature 
of the melting point of the iron, or more probably 
to a somewhat lower range. The value for ingot J 
may be disregarded at the outset. It will be noticed 
that the value of K is relatively high for those ingots 
containing a large excess of aluminium, namely, 
A,C, E,G, and K. This may be due in some measure 
to a deviation in the activity of the aluminium from 
its equivalence to concentration, owing to its affinity 
for iron. The main reason, however, is probably 
that the [FeO] value used in calculating K for these 
ingots is too large, arising as it does from the limitation 
in the alcoholic iodine method. Excluding these 
high values, the equilibrium constant varies between 
2-9 x 10-1? and 5-8 x 10-°. This range is lower 
than the value 5:7 x 10-7 at 1600°C., obtained 
by Herty, Fitterer, and Byrns,* but its lower limit 
agrees with the value of Wentrup and Hieber’ of 
1-6 x 10- at 1525°C., obtained by extrapolating 
experimental values determined at 1600° and 1700° C. 

The theoretical values calculated .by, Schenck® 
(5-3 x 10-5 at 1527° CC.) and by Chipman® (1-3 x 
10-16 at 1527°C.) lie in a range well below any of 
these experimental values. In an appendix to this 
paper, Dr. O. Kubaschewski has recalculated the 
reaction constant, using more recent data. His 
mean figure of 3 x 10- at 1527°C. is closer to 
Wentrup and Hieber’s experimental value, the differ- 
ence being within the limits of error of the data. 
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The most reliable of the experimental determina- 
tions so far carried out appears to be that of Geller and 
Dicke,!° who obtained the value 

2 58,600 
Log K = — - T 
This provides the following comparison for the two 
temperatures 1527° C. and 1600° C., respectively : 
Kubaschewski : log K = — 13-5, — 13-4 
Geller and Dicke: log K = — 13-65, — 13-39 

No great weight should be attached to the values 
of the equilibrium constant in the present investiga- 
tion, since it was not a primary object of the work 
to determine them. As Chipman® has indicated, 
the accuracy of analytical methods for such small 
quantities is so low that calculated results, despite 
their wide limits of error, may be no less dependable 
than those obtained experimentally. The results 
obtained in the course of the present work. confirm 
the experimental difficulties to which Chipman 
referred. 


+ 18-90 + 1-5 





MICROSCOPICAL EXAMINATION 

Small sections of all ingots, and complete longitud- 
inal sections of a few, were cut and polished by normal 
methods, the final polish being made with chromic 
oxide powder. With one exception, to be described, 
the sections were unetched. Their examination re- 
vealed a high concentration of alumina particles near 
the top, bottom, and cylindrical surfaces (Fig. 4). It 
was at first thought that part of this alumina had 
been scoured from the crucible wall, but no such 
concentration had been found in work on ingots 


similarly prepared for the study of deoxidation of 


iron by manganese. As indicated earlier, their dis- 


position probably results from the stirring action of 


the induction heating and /or convection. 

Although these surface concentrations of alumina 
were common to all ingots in the series, the inclusions 
in the body of the ingots differed: in those ingots 
which contained an excess of aluminium, they were for 
the most part of alumina. In general, these particles 
were small, irregular in outline, and ranged from 
colourless to dark grey when examined by reflected 
light (Fig. 5). Examination under dark-field illumina- 
tion showed most of them to be transparent. Some 
appeared to be tabular and, very occasionally, in the 
form of a stringer or broken plate (Fig. 6). Thev 
tended to occur in groups, sometimes as quite small 
clusters, but occasionally as very large dense con- 
centrations (Fig. 7) similar to those at the ingot 
surfaces. These large groups appeared to be due to 
portions of the melt, containing a large concentration 
of inclusions, floating without dispersal away from 
the outer surface layers. This postulated mechanism 
was confirmed by the examination of a complete 
longitudinal section of ingot U. This had been kept 
molten for an hour after the addition of aluminium, 
and several large agglomerates, of the order of 5 mm. 
dia., were found randomly distributed over the 
section. 

The concentrates occurred occasionally even in 
ingots which contained a high residual concentration 
of iron oxide. Since they stood out in relief on the 
polished surface, an attempt was made to verify 
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the content of one of them by the electron diffraction 
method. This proved successful, the lines obtained 
being distinct enough to identify the compound with 
certainty as x-alumina. 

At first there was some doubt whether all the alum- 
ina particles were inclusions and not holes left after 
inclusions had been torn out during polishing. It was 
concluded that had this occurred to any appreciable 
extent, there would have been sufficient evidence 
of it in the form of ‘ comet’s tails.’ In order to check 
whether the final polishing with chromic oxide had 
hidden such marks, the section of ingot D which 
contained the dense concentration shown, unetched, 
in Fig. 7 was etched with 4% nital. Very few 
scratch marks were revealed, and no comet’s tails, 
although the metal surface appeared to have been 
considerably cold-worked, and to have flowed as a 
soft matrix around the hard inclusions (Fig. 8). 

In other ingots, particularly those in which alumin- 
ium was not in large excess, (J, P. and parts of H) 
these typical alumina inclusions were interspersed 
with others which were darker. opaque, generally 


larger, and more irregular in outline (Fig. 9). These 
inclusions, though apparently homogeneous, are 


unlikely to consist of pure hercynite formed in the 
melt. They are considered, from the chemical 
evidence, to be a solid solution of alumina and her- 
cynite, with or without some additional ferrous oxide. 

In ingots F, M, N, S, and T, containing large 
residual amounts of ferrous oxide, there was still 
a small number of alumina particles scattered through- 
out the metal. The larger proportion of the inclusions, 
however, were duplex and consisted of globules of 
ferrous oxide containing a dark-grey spinel in the form 
of idiomorphic crystals or as very fine particles (Figs. 
10, 11, and 12). Figure 10 shows idiomorph-containing 
inclusions typical of those distributed throughout 
these ingots. Figures 1] and 12 show rather more 
complex inclusions which, however, illustrate the 
relationship between the various types. The speckled 
inclusion in Fig. 12 is quite typical of its kind, whilst 
the large inclusion in Fig. 11 shows the combination of 
the idiomorphic and speckled type. 

The lamellar appearance of the idiomorphs in 
Figs. 12 and 14 was observed in only one other inclu- 
sion in all the sections examined. It is probably due to 
an interference effect. There was also present a small 
number of apparently homogeneous ferrous oxide 
particles. These were smaller in average size than 
the duplex inclusions, and most of them could have 
been sections of large spinel-containing particles 
which did not reveal the idiomorph. It is believed 
that the spinel consists of hercynite, FeO.Al,O,, 
but it may also contain magnetite, Fe,0,, the two 
substances being isomorphous. 

A few of the inclusions contained a small particle 
of alumina (Fig. 13) in addition to the idiomorph. 
Some others, particularly in ingot N, were found to 
contain a third constituent, of a paler grey than the 
main wiistite component, and usually at the outer 
edge of the inclusion (Fig. 13, but more distinctly 
in Fig. 14). This third component may either be a 
complex containing some of the silica known to be 
present, or may have arisen from a ‘disproportionation’ 
of the wiistite as discussed in the following section. 
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The dark inner particles in some of the inclusions were 
more irregular in outline, and gave reflections either 
from a rough upper surface or from inside. These 
inclusions predominated in ingot 7’, which had been 
held at 1000-1200° C. for two hours after solidification. 
The inclusion in Fig. 15 shows this irregular form, 
in addition to the small speckles and the lighter- 
coloured third constituent just mentioned. 

It may be pointed out that the inclusions which 
have been described are representative. Each section 
examined had its exceptional types, of which the 
apparently lamellar constituent in Figs. 12 and 14 
is one example. In order to extend this study to the 
identification of the more complex mixtures found in 
steels, however, it is preferable to restrict considera- 
tions to the normal forms, and to establish their 
nature with some certainty, rather than to attempt 
to explain each variation. 

GENERAL DISCUSSION 

To arrive at the steps by which the various 
inclusions are formed, it is necessary to study the 
phase relationships, in the ternary system Fe—O-—Al, 
of the binary systems involved. The iron—-oxygen 
system has been summarized recently by Darken and 
Gurry." There is no later information on the FeO- 
Al,O, system, as a whole, since the work of M’Intosh, 
Rait, and Hay,!* whose phase diagram is given in 
Fig. 3. There is some doubt about the phase bound- 
aries shown by dotted lines. Since the publication 
of this work, which was based on thermal and micro- 
scopical analyses, no more evidence has been forth- 
coming on the existence of the phase 3FeO.Al,0,, 
such as would be afforded by X-ray analysis. Further, 
it has been stated!* that hercynite is stable at liquid- 
steel temperatures. It may be assumed that solid 
solubility ranges in the system Fe—Al,O, are negligible. 

Considering first the inclusions formed when the 
added aluminium stoichiometrically exceeds the 
oxygen present, the values of the equilibrium constant 
at various temperatures above the melting point of 
iron show that the reaction of oxygen to form alumina 
should be almost complete. Further precipitation 
of alumina, in very small quantity, will occur progres- 
sively as the melting point is approached. At that 
point so little oxygen will remain unconverted to 
alumina that what happens in solid iron is not signifi- 
cant. 

Hercynite, FeO.Al1,0,, is found in ingots containing 
two different types of inclusion, (a) with alumina 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








88 SLOMAN AND EVANS: 


and a small quantity (if any) of ferrous oxide (ingots 
J, P, and parts of H and K), and (5) with ferrous 
(and ferroso-ferric) oxide, with a very small amount 
of alumina. It may be formed in two ways, as follows : 


(1) By reaction between alumina particles in the 
body of the ingot and iron oxide precipitated on solidifi- 
cation of the iron 

(2) By direct precipitation of hercynite &t the stage 
in deoxidation when the remaining concentration 
(and hence activity) of the aluminium is very low. 


Following the formation of hercynite by either 
process, if there is excess oxygen, the FeO precipitated 
on solidification of the iron collects around the hercy- 
nite and partly dissolves it. On further cooling, 
a massive crystallization of dercynite takes place, 
following the line AB in Fig. 3, and at the eutectic 
point. The work of M’Intosh, Rait, and Hay showed 
that the eutectic mixture solidifies with the formation 
of large crystals, not in a fine eutectic structure. 
The speckled structure may arise from further separa- 
tion of hercynite along the line BC and/or from the 
formation of magnetite. 

At this juncture one cannot be certain which 
of the processes (1) or (2) actually occurs. Reaction 
(1) would account for the fact that there are very few 
alumina particles in the body of ingots F and N, 
although there are surface segregates of this substance. 
The large size of the idiomorphs in the oxide globules 
would indicate that a large amount of alumina had 
become dissolved in the ferrous oxide. Such a reaction, 
involving the formation of hercynite, takes place 
very slowly at 1400° C.,!4 so that one would expect to 
find a core of undissolved alumina in a large propor- 
tion of inclusions. In fact, only a few exhibited such 
a core (Fig. 13). 

The possibility of a direct precipitation of hercynite 
depends on the relative affinity of FeO to solution in 
iron on the one hand, and to reaction with alumina 
on the other. The slowness of reaction between FeO 
and Al,O, is an indication that the latter is not very 
high. There can be no question of the hercynite 
becoming precipitated when the iron is cooled below its 
melting point, for the amount of aluminium remain- 
ing in the iron is negligible under such conditions of 
excess oxygen. 

The order of making additions was reversed in 
melts R and WS to see if the gradual increase 
in oxygen content in solution, in a homogeneous 
alloy containing aluminium, resulted in a different 
type of inclusion. Apart from the presence of a thin 
solidified slag on the top surface (which probably would 
have been changed very quickly to alumina had a 
piece of aluminium been added finally to the melt) 
no abnormal structure or type of inclusion was 
observed in a complete ingot section. The ingots 
were also analysed chemically, but the results were of 
no significance, and are not reported. 

It should be borne in mind that the particles in 
which these reactions occur are so small that surface 
tension may result in very wide deviations from 
behaviour predictable by normal thermodynamic 
and kinetic considerations. It is quite probable that 
both reactions (1) and (2) take place to some extent. 

At lower temperatures, below 560°C., partial 
decomposition of ferrous oxide may occur, with forma- 
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tion of magnetite, Fe,0,.1' X-ray analysis of a residue 
obtained by alcoholic iodine extraction of a sample 
of NPL Mark 2 iron containing 0:14% O, revealed 
the presence of about 30% magnetite in the wiistite. 
The magnetite could not, however, be detected micro- 
scopically in this sample, either in the original con- 
dition or after annealing for 20 hr. at 550°C. Some 
observers claim to have seen magnetite in inclusions 
consisting of iron oxide. Pfeil ,1° however, observed it in 
ferrous oxide scale only after annealing for four weeks 
at 550° C. He commented on the simultaneous pres- 
ence of iron particles, formed presumably according 
to the reaction 
4FeO = Fe,0, + Fe 

Present evidence suggests that Atioaeh wiistite 
partially decomposes into magnetite fairly rapidly 
below 560° C., the latter is finely dispersed and aggre- 
gates only extremely slowly at these temperatures. 

In seeking an explanation of the duplex and diffuse 
Debye-Scherrer lines produced by wiistite, the authors 
found conflicting accounts in literature relating to the 
breakdown of that compound to magnetite and iron. 

It has been pointed out by W ells! and by Gold- 
schmidt,!? that the structures of the iron oxides are 
closely related. The lattices of Fe,0, and yFe,O, are 
both based on the spinel lattice, having a cubic close- 
packed array of oxygen atoms, but the y oxide has a 
smaller proportion of iron atoms. A similar arrange- 
ment is found in wistite, but here the proportion of 
iron atoms is greater, and the lattice parameter is 
about half of those found in the spinel lattices. It is 
possible to have a complete range of compositions 
extending from | to less than } iron atom to each 
oxygen atom, all with similar crystal structures. The 
aFe,O, structure is also based on close packing of 
oxygen atoms, but with a rhombohedral lattice. 

The diffuseness of the Debve-Scherrer lines may 
thus be explained by assuming that the individual 
wiistite inclusions in a particular sample are of closely, 
but not exactly, similar compositions. In cases where 
diffuse duplex patterns are found, two sets of inclusions 
having somewhat different compositions are present, 
each having a small range of composition. 

Benard and Chaudron'® suggested that when FeO 
breaks down, the iron formed goes into solution in 
the remaining wiistite to an extent equivalent to 
1 Fe atom to 4 FeO molecules. It would be possible 
to explain the duplex lines on the hypothesis that 
the lattice parameter higher than normal is produced 
by regions or particles of FeO close to a precipitation 
of Fe,0,, since they would be so much richer in iron. 
It is difficult, however, to envisage why, when a sub- 
stance (FeO) breaks down to a compound (Fe,O,), 
having a more stable form of lattice, the secondary 
product of the decomposition (Fe) should enter the 
lattice of the residual initial compound to form what 
should be an even more unstable structure. It is 
evident that more work is required on the Fe-O 
system to clarify this point. 

Since, as this work shows, iron oxide in solid steel 
may contain a proportion of Fe,0,, caution must 
be used in interpreting chemical analysis results on 
alcoholic iodine residues. The iron oxide is calculated 
from an analysis for iron, and it is normally assumed 
that the oxide is FeO. If, however, some of it exists 
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as Fe,O,, the corresponding amount of oxygen is 
underestimated by 25%. Since, however, the pro- 
portion of Fe,O, is generally not large, the error 
introduced by. assuming the whole to be FeO is not 
serious. 

The progressive reaction between aluminium and 
residual .oxygen in the iron on cooling occurs to an 
extent which is unknown. The reaction is probably 
rapid, so no reliance can be placed on the results 
which depend on quenching the melt from a given 
temperature. This was the method used by Herty, 
Fitterer, and Byrns, who added aluminium to melts 
of low-carbon steels poured into moulds to form ingots 
weighing 15-25 lb. (7-11 kg.). The analytical methods 
then available were not as good and reliable as those 
used in more recent work. The basis of Wentrup’s 
and Hieber’s work? was more sound. They assumed 
that after holding their 650-g. melts of ingot iron 
(Wetcheisen) at a constant temperature, for a certain 
time after the addition of aluminium, all the alumina 
floated to the surface. The melt was then poured 
into chill moulds, and the alumina then found in the 
ingots was assumed to have been formed below the 
equilibrium temperature. A similar assumption was 
made by Geller and Dicke, who permitted carbon 
monoxide to react at the surface of a molten alumin- 
ium-carbon-iron alloy. While the principle is accept- 
able, its practical application is open to criticism, 
particularly in the work of Geller and Dicke, where 
no microscopical evidence is given to support their 
contentions. As remarked earlier, it was not the 
purpose of this work to make equilibrium determin- 
ations, and the calculated ‘ equilibrium constants * 
in Table II relate to an unknown temperature, 
probably below the melting point of iron. 


CONCLUSIONS 


The compounds formed on deoxidation of iron by 
aluminium are alumina and hercynite (FeO.Al,O,). 
The latter is formed only in small quantities in relation 
to the original oxide content when the added alumin- 
ium is stoichiometrically in excess of the dissolved 
oxygen. 

Where aluminium is in such excess, conversion 
of oxide to alumina is complete for all practical 


purposes (such as the aluminium-bomb method of 


analysing oxygen in molten steel). Owing to the in- 
solubility of the alumina produced, and its flotation 


to the surface of the ingot, the oxygen content of 


the body of the ingot is reduced to a very low value. 
This confirms steelmaking experience that the total 
oxygen content of a steel melt is reduced by killing 
with aluminium in the ladle. 

When there is insufficient aluminium to react 
with all the oxygen dissolved in molten iran, leaving 
a quantity of oxygen in excess of its solubility in solid 
iron, the inclusions found at room temperature 
are ferrous oxide globules containing spinel particles, 
largely idiomorphic. These consist of hereynite, 
which may contain magnetite. 

The mechanism of formation of these inclusions 
can be explained by the existing knowledge of the 
phase relationships in the Fe-O-Al system. No 
evidence has been found for the formation of the 
compound 3Fe0.Al,03, which has been said to exist .¥ 
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No difficulties arise in the application of the alcoholic 
iodine extraction method for the isolation of inclusions 
in iron containing alumina particles and dissolved 
aluminium. There is new evidence of the occurrence 
of an iron oxide ‘ blank value ’ in determinations by 
the alcoholic iodine method. 
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APPENDIX 


The Equilibrium Between Aluminium and 
Oxygen in Molten Iron 


By O. Kubaschewski, Dr. phil. habil. 


Previous calculations have been made, notably 
by Schenck® and by Chipman,® of the equilibrium 
constant of deoxidation of iron by aluminium, using 
known experimental data. The reaction under con- 
sideration is 

3[FeO] -- 2(.Al] Al,O,> -- 3{Fe}*......... (1) 

Since alumina is present in an insoluble excess 
and the concentration of iron is practically con- 
stant, the equilibrium constant is given by 

~ 2 2 
K = ¢heofAl 

Chipman’s calculation of this constant is the most 
recent, and the present recalculation is confined to a 
revision of his value in the light of more recent infor- 


mation. Reaction (1) may be divided into three 
separate processes, as follows : 

SERRE + FRM wm <A Soensiccssesasi (2) 

Free energy of formation of 1 mole <A1,O, AG, 

3{Fe} TAOS) = SERCO cc vcncasccccccs (3) 


Partial free energy of formation of 3 moles [FeO] 
BAG, 
2{ Al} {Fe} 2[Al] {Fe} Megksuneeass (4) 
Partial free energy of solution of 2 moles {Al} 
2AG, 
(1) (2) (3) (4) 
AGs = AG; — 34G, — AG, 
For AG, the formula derived by Richardson and 


Jeffes’® is 

AG, = 386,250 CET cc cccicdacesasd (5) 
The limits of accuracy quoted by these authors include 
the more recent determinations. The heat of formation 
of alumina at room temperature was proposed by 
Roth”® to be — 398,000 cal. mole. In 1945 Snyder 
and Seltz”! found this value to be — 399,000 cal./ mole, 
but a private communication from Roth, in 1948, 





* The gaseous state is denoted by (), the solid state by 
-, liquid by { }. and dilute liquid solution by [ ]. 
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stated that Siemonsen had recently obtained the 
value — 403,000 cal./mole for the same quantity. 
Taking the value AH. = — 400,000 + 3000, and 
applying recent determinations of the heat capacity 
of alumina,**»?% the value given by Richardson and 
Jeffes is reproduced within + 500 cal. At higher 
temperatures calculation becomes more difficult, 
but since Richardson and Jeffes checked their equation 
by the results of several observers we may continue 
to make use of it. Its accuracy was stated to be 
+ 10,000 cal. at any temperature ; it is probably 
more reliable, and correct to within + 6000 cal. 

For AG, Chipman used the value (— 33,060 + 
2-047) cal., basing his measurements on the equilib- 
rium 

[FeO] + (CO) = {Fe} + (CO,) 

and introducing the free energies of (CO) and (CO,) 
formation. Using the more recent heat of formation 
of (CO), — 26,400 cal. in place of — 28,100 cal.,?4 
and making small alterations to the entropy values, 
we obtain 

AG, = — 35,300 + 2-77 cal. .........08. (6) 
This value is in better agreement with the determina- 
tions of Fontana and Chipman”®? of the equilibrium 

[FeO] + (H;) = {Fe} + (H,0). 
AG, values should be reliable within +- 4000 cal. 

For AG, Chipman derived the value (— 16,000 
— 3:47) cal. from * heats of solutions,’ without 
specifying their source. The only published infor- 
mation known to the author is that on solid heats of 
formation, by Oelsen and Middel,** with their state- 
ment that ‘‘the increase in temperature on mixing 
liquid aluminium with liquid iron points to a similarity 
in heats of formation in the solid and liquid states.” 
We may therefore apply their heat of formation of the 


mixture to the liquid state (AH, = — 26,000 cal.) 
and use Chipman’s temperature coefficient 
AG; = — 26,000 — 3-47 cal. ...........06 (7) 


In the author’s opinion the figure 26,000 may be too 
high, and the temperature coefficient too low. They 
may compensate each other at high temperatures, 
but this equation cannot be claimed to be accurate 
within less than + 10,000 cal. Thus we obtain 

AGzr = — 228,000 + 65-157 cal. ............ (8) 

The absolute maximum error of this value is 

- 38,000 cal., but probability would place it at 

- 25,000 cal. 

The value of the equilibrium constant given by 
this free energy is 

49,900 
-— + 

To take a particular example : at 1600° C., log K = 
— 12-4, compared with Chipman’s value of — 14-65. 
Although the present calculation is made on the same 
basis as Chipman’s, there is considerable difference 
between the two. The error is large, and with it the 
present value overlaps Chipman’s, which has, of 
course, a similar error. This shows that the calculation 
can only be taken as a rough indication of the relation- 
ships existing between the reactants in the melt. 
This holds for similar calculations of this kind with 


Log K = 14-2 = 3-0 
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the present limited knowledge and experimental 
techniques. 

It must further be borne in mind that the values 
of AG, and AG, have been derived for solutions 
of 1 wt.-%. The * constant ’ K varies with concentra- 
tion, and this has been neglected in this note as well 
as by Chipman. In the more dilute solutions found 
in practice, the value of K may be higher by several 
powers of ten. 
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and Steel Works 


By G. W. Levey 


SYNOPSIS 
The subject of lighting in iron and steel works is examined from a number of aspects and it is asserted 
that inadequate lighting is usually due to lack of appreciation of a number of important factors, particularly 


lighting intensity, which are reviewed in the paper. 


The intensities suggested for various applications are high compared with those in use in some older 
works, but are justified by increased quantity and quality of output. 

Lamps and fittings, switching, current supplies, and distribution have a great bearing on efficiency, 
reliability, and cost, and should be selected to suit each particular application. 

The amount of work done in the open in iron and steel works and the heavy outdoor traffic of vehicles and 
operatives justifies close attention to exterior lighting. For marshalling yards a few floodlights at high level 
have advantages over numerous smaller light sources at low level. Road lighting should be good enough to 
avoid the use of headlights ; it has a technique of its own and requires specialized equipment. 


HE object of this paper is to bring forward for 
T discussion some of the special problems which 

result in inadequate lighting in iron and _ steel 
works. High temperatures and humidity, dirt-laden 
atmospheres, and corrosive conditions, singly or 
combined, are factors which require attention if the 
desired lighting intensity is to be maintained 
economically. Good access and suitable fittings 
should be provided to help the maintenance staff 
in their rather uninteresting but important task. 


LIGHTING INTENSITIES 


The intensities of lighting should be high enough 
for the work concerned to be carried out without 
causing eye strain or undue risk of accident. Good 
illumination is essential for repair work and saves 
loss of production time. The intensity must be 
related to the size and reflection factor of the objects 
to be seen, the contrast between the objects and their 
surroundings, and also their speed of movement. 

The intensities recommended for the principal 
areas and buildings in a steelworks are as follows : 


Lighting Intensities Recommended for Typical Steelworks 


Buildings 
Intensity, 
lumens sq. ft. 
Stairs, gangways, lavatories S 


Slab yards >) 
Melting shop | 
Raw materials bay + 6 
Ingot stripping | 
Soaking pits J 
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Intensity, 
lumens/sq. ft. 
Boiler house (general) ) 
Pump houses | 


Stores > 6 
Blast-furnace working areas 
Pickling and cleaning lines J 


Mould preparation ) 
Rolling mills | 
Boiler house firing floor , 12 
Power and blower house 
Control rooms and sub-stations 

Offices : Executives, foremen, clerks J 


Laboratories 

Offices : Accounts, 
typing 

Slab inspection and conditioning 

Cold strip mills 

Sheet and plate finishing 

Tinning 

Machine and roll shops 3 


calculating M Cs. | 
' 


. 20 


Drawing office 30 
Tinplate inspection 50 
LIGHT SOURCES 

As shown in Fig. 1, sodium vapour lamps are the 
most efficient source of light, with mercury vapour 
a very close second. Sodium vapour lamps give a 
practically monochromatic deep golden yellow light 
which is depressing and not at all satisfactory for 
interior lighting, and the maximum size of lamp 





Manuscript received 6th March, 1950. 
Mr. Levey is on the staff of Messrs. McLellan and 
Partners, Consulting Engineers, of London. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








92 LEVEY : LIGHTING IN IRON AND STEEL WORKS 





9 









ws > Ww Oo ~ @ ~O 


COST PER IO-LUMENS LIGHT OUTPUT PER ANNUM, PENCE 
nN 








() O 4 
(b) O ‘a 
(9 0 OS | +5 


COST PER UNIT OF ELECTRIC! ry 
CONSUMED, PENCE 
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Fig. 1—Efficiencies of various light sources 


available (only 140 W.) leads to high installation 
and maintenance costs. 

The high-pressure mercury vapour lamp would be 
satisfactory for many steelworks processes were it 
not for the fact that the are goes out if the voltage 
drops by about 15% and will not restrike for several 
minutes. The combination of tungsten and mercury 
vapour lamps not only prevents a total blackout 
after a surge on the system, but also improves the 
quality of the light and helps to damp-out stroboscopic 
effects. A mixture of this kind has been found in 
practice to be the most satisfactory source for lighting 
large shops. Suitable lamp combinations are given 
in Table I. 

Higher-power, high-pressure mercury vapour lamps 
are being developed which will be more efficient than 
the 400-W. size. They will, however, be sensitive to 
voltage variations and it will still therefore be desir- 
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Fig. 2—Approximate proportion of direct light from 
mercury vapour arc in dispersive reflector: (a) 
Vertical arc, (6) transverse arc 


able to combine them with tungsten-filament lamps. 

General-service tungsten lamps should always be 
installed in the vertical position, but the larger 
mercury lamps can, with advantage, be installed 
horizontally. The inefficiency of mercury lamps in 
the vertical position is due to the long arc being 
shrouded by the reflector. In the 400-W. size the arc 
is about 6} in. long and a standard dispersive reflector 
with a cut-off angle of 20° allows only 14% of the total 
light to reach the working plane direct from the lamp. 
This is shown diagrammatically in Fig. 2a ; thus it is 
evident that much depends on the efficiency of the 
reflector. Figure 26 shows that by placing the lamp 
horizontally the direct component is increased to 40%, 
and the light emitted is not therefore so seriously 
affected by dirty reflector surfaces. In a field test of 
500 hr. the light from a vertical burning unit dropped 
40°% and that of the horizontal unit only 28%. 

Special lamps are designed for horizontal burning, 
but it is more efficient to use standard vertical 
burning lamps in the horizontal position with deflec- 
tor coils to control the are. 

The light emitted by hot cathode tubular fluorescent 
lamps tones very well with that from the mixed units 
and is satisfactory for areas having a comparatively 
low mounting height, but Fig. 1 shows that unless 
the better quality of light is desirable (as in offices 
and control rooms) this type of lamp is not economical 


unless the burning hours are long and the cost of 


energy is high. Comparison between a 200-W. 
general-service tungsten lamp and an 80-W. fluores- 
cent lamp shows that with an energy cost of 0 -6d./unit 
the fluorescent lamp costs more unless the burning 
hours are greater than 8000 per annum. 

The light from fluorescent lamps blends well with 
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Table I 
OUTPUT AND EFFICIENCY OF MIXED MERCURY TUNGSTEN LIGHTING UNITS 
Watts Lumens 
Group een: . Mercury 
ree tees | et | re | Tee | er | roe . | 
1 1500 2 -« 400 2 < 20 2340 28,380 {2 > 13,600} 55,580 23-7 49 
2 1000 400 20 1420 17,800 13,600 31,400 22-1 43-3 
3 750 400 20 1170 12,740 13,600 26,340 22-5 51-6 
4 500 250 15 765 7930 7250 15,180 19-8 47-8 
5 300 125 12 437 4430 3750 8180 18.7 45-8 
6 200 80 10 290 2725 2240 4965 17-1 45-5 
MAY, 1950 
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daylight and they are often used in offices for this 
reason, although the cost may be higher. 

The cold cathode type of light source has similar 
characteristics, but its high cost precludes its general 
use in steelworks, although its low brightness and 
long life of 10,000 hr. make it suitable for control 
rooms, especially as it has greater stability with 
voltage variation. Whereas a 240-V. hot cathode 
lamp, at its normal working temperature, may become 
erratic at 220 V., a cold cathode tube will remain 
stable down to about 170 V. 

Tungsten-filament lamps call for no special com- 
ment for normal applications, but where accurate 
optical control is needed, as in some floodlighting, 
the bunched filament type must be used. 


LIGHTING FITTINGS 


The primary object of the lighting fitting is to 
reflect the upward light from the lamp down on to 
the working plane, and to do this efficiently the 
reflecting surfaces must be kept clean. The effect of 
airborne dust can be reduced to some extent by : 

(a) Fittings designed so that the convection currents 
caused by the lamp carry the dust away from the 
reflecting surfaces 

(b) Totally, enclosed fittings 

(c) Fittings which can be easily cleaned. 

Method (a) is satisfactory where the air is compara- 
tively still and the lamps are always in use. Violent 
convection currents from furnaces and hot metal 
disturb the air within the reflector and throw the 
dust on to the reflector ; further, when the lamp is 
not in use the open top of the fitting allows floating 
dust to enter more readily than with the normal 
reflector. 

Method (b) is unsatisfactory when lamps are used 
intermittently because, however carefully the fittings 
are sealed, fine dust, drawn in each time the fittings 
cool down, collects on the inside of the visor glass 
where it reduces both the reflected and the direct 


light. A porous felt ring, properly fitted between the 
visor and the fitting, allows the fitting to breathe 
but filters the air. Glass visors reduce the initial 
efficiency of the fittings and increase the time taken, 
and therefore the cost, in renewing lamps. 

With method (c), installation and maintenance 
costs are lower, but the method should be used only 
where the fittings are readily accessible and in the 
cleaner areas. 

Excessive airborne dust, smoke, and steam increase 
the atmospheric absorption of light and can be 
counteracted only by increasing the power of the 
lamps or by reducing the mounting height. In 
general, it is better to remove the cause by improving 
ventilation, rather than to deal with the effect by 
increasing the power of the lamps. 

A vitreous enamelled surface is satisfactory for 
dispersive reflectors, but the highly diffuse reflection 
makes it unsuitable where good optical control is 
required, as for concentrating fittings. Polished 
anodized aluminium has about the same reflection 
factor as vitreous enamel, but gives a higher propor- 
tion of specular reflection and is therefore suitable 
for concentrating fittings. 

To calculate the effect of steelworks atmospheres 
on the reflection factor of aluminium, specimens have 
been suspended in various parts of a works, and Table 
II shows the results of exposure for four months. 
Although cleaning largely restored the reflectivity it 
must be remembered that the effect is cumulative. 
Open-type fittings have been designed with simple 
removable reflectors which can be easily replaced, 
and it is estimated that in the conditions where 
open-type fittings would be used, the useful life of 
the reflectors would be about three years. 

Fittings not constructed with detachable reflectors 
should have a plug and socket, either on the flexible 
connection or as part of the fitting. They can then 
easily be replaced by clean ones and sent to the 
maintenance shop for reconditioning. 



































Table II 
WEATHERING TESTS ON ANODIZED ALUMINIUM 
; Reflectivity,* °, 
ee Position in Works Condition after Exposure 
(a (6 | c) 
1 Top of gas-holder Dirty, no pitting 64 73 74 
2 Oyer soaking pits Dirty, no pitting 62 71 73 
3 Over cogging mill Dirty, no pitting 59 70 73 
4 Office Little dirt, no pitting 67 73 74 
5 Pig casting (pouring) Dirty, severe pitting 46 54 72 
7 No. 1 _ blast-furnace Dirty, slight pitting 48 60 71 
platform 
8 No. 1 _ blast-furnace Dirty, severe pitting 33 34 73 
distributor 
9 Pig casting (strands) Dirty, severe pitting 38 50 71 
10 Melting shop, over fur- Dirty, no pitting 62 68 69 
nace 
11 Coke ovens (quench- Dirty, slight pitting 50 65 70 
ing) 
12 Over coke ovens Very dirty, moderate 12 28 67 
pitting 
* Original reflectivity approximately 75‘,. 
(a) Reflectivity in dirty condition after 4 months’ exposure. 
(b) Reflectivity after washing with soap and warm water. 
(c) Reflectivity after washing and cleaning with ‘* Luminisor.’’ 
MAY, 1950 JOURNAL OF THE IRON AND STEEL INSTITUTE 
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With a combination of mercury-vapour and 
tungsten-filament lamps the lamp centres should be as 
close together as possible so as to give well-mixed 
light on the working plane, but to obtain the greatest 
efficiency each lamp should have its own reflector ; 
lamps bunched in a single reflector are not efficient. 
Special fittings have been developed to house two or 
three lamps as one unit ; this reduces the lamp spacing 
to a minimum and installation and maintenance costs 
are also lower. 

Excessive vibration reduces lamp life, and when 
it cannot be eliminated the fittings should have 
flexible supports ; the design of these depends on 
the frequency and amplitude of the vibration and the 
weight of the fitting, and each case must be dealt 
with individually. 

SWITCHING 
Inaccessible or inadequate control adversely affects 


the running cost, whereas unnecessary subdivision of 


circuits increases the installation cost. 

Due consideration should be given to the natural 
light in the building so that lighting in areas ade- 
quately served by daylight can be switched off with- 
out reducing the illumination of the windowless 
areas. 

Remote control by means of contactors mounted 
adjacent to the final sub-circuit fuseboards is one of 
the best methods of controlling areas when lighting 
is not required continuously ; it is unnecessary if the 
lighting is always on, as the sub-main switch or circuit- 
breaker can be mounted in a convenient position and 
used as a control switch. 

Latched-in type contactors are preferred because 
they remain closed during a surge on the system, and 
the lighting is restored without switching after an 
extraneous fault. 

In tall buildings the lamps are well above the 
working plane and are liable to be forgotten and left 
burning unnecessarily during the daytime. This can 
be avoided by means of photo-electric cell control, 
which also has the advantage that the lighting is 
automatically switched on when the daylight inten- 
sity falls to a predetermined value. The photo-electric 
cell units should be placed where they can respond 
to the daylight intensity inside the building, including 
the effects of dirty windows and the pollution of the 
air inside. 

An inspection of the majority of steelworks during 
daylight will show that many external lamps are left 
burning, which suggests that photo-electric or remote 
control is necessary to ensure proper switching. 
Control by means of a D.C. bias or high-frequency 
ripple superimposed on the medium-voltage distribu- 
tion systems has the further advantage that odd 
lamps can be connected to the nearest normal lighting 
circuit through a special relay and be controlled with 
roadway and other external lighting. To obtain the 
same facility a considerable number of photo-electric 
units could be employed, but their high capital and 
maintenance costs would outweigh the reduction in 
consumption and lamp replacements. 

The superimposed signal can be originated at one 
central control point by a time switch or by photo- 
electric equipment. 
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SYSTEM VOLTAGE 


There has been a tendency to adopt a pressure of 


the order of 100 V. for the entire lighting system, 
and while a low voltage is desirable for portable 
equipment there is a strong case for the use of 240 V. 
derived from a 415-V., 3-phase, 4-wire system for 
the main lighting. 

The smaller switchgear and cables for the higher 


voltage cost less to install and the 4-wire system of 


distribution is more economical for outlying buildings 
where 415 V. is required for power supplies ; the same 
service cable can feed both power and lights. 

The majority of electric discharge lamps cannot be 
operated on a 100-V. supply and, although 100-V. 
metal filament lamps are more efficient, the gain with 
the larger lamps is too small to cancel out the advan- 
tages. 

Although 240 V. to earth can be considered safe 
for the fixed lighting installation, neither this nor 
100 V. to earth is safe for portable equipment. [f, 
however, 100 V. is derived from double-wound 
transformers having an earthed centre tapping on the 
secondary winding, 100-V. lamps can be used with 
safety. This sy: stem has the adv antage that portable 
electric tools can be connected to the lighting sockets. 
Portable lamps used for the internal inspection of 
boilers, condensers, and similar plant where the 
presence of moisture increases the risk, should be 
supplied at 25 V. (12-5 V. to earth) from local trans- 
former socket units. 


DISTRIBUTION SYSTEM 


The design of the lighting distribution system must 
be considered with the complete layout and it is not 
therefore possible to discuss details, but it is important 
that the system be designed to eliminate, as far as 
possible, the voltage fluctuations which are common 
on the power system. 

The lighting load, although a small part of the total 
medium-voltage load, is heavy enough to warrant 
feeders of its own from the main distribution points. 
This separation of lighting distribution will also help 
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to prevent the lighting failing from a power shut- 
down. As an additional protection important lighting 
circuits in any one sector should be supplied from 
different sub-stations or main switchboards by a 
ring main. 

Figure 3 shows that the life and light output of lamps 
is appreciably affected by small voltage variations, 
and it is therefore important to segregate any heavy 
fluctuating power loads and ensure that cable sizes 
are based on volt drop rather than on current 
carrying capacity. 

Emergency lighting fed from batteries is too costly 
for use other than in first-aid posts, control rooms, 
and important sub-stations, but the security of the 
general lighting should be improved by connecting 
the main fuseboards on ring mains fed from different 
parts of the system. 


EXTERIOR LIGHTING 


The illumination of open areas and roads is particu- 
larly important in iron and steel works, with a continu- 
ous traffic programme, and should receive as much 
attention as the internal illumination. Sidings and 
similar areas can be lit either by a large number of 
small lights mounted on short poles, or by larger 
and more efficient projectors mounted on high towers. 

To obtain an even intensity and to avoid heavy 
shadows the spacing of low-mounted fittings should 
not be greater than 14 times the mounting height, 
and poles at this close spacing are liable to form 
obstructions in the working areas. Also, fittings 
mounted close to the ground need more maintenance 
than those mounted on high towers. It is undoubtedly 
economical to illuminate marshalling yards and similar 
areas by floodlights wherever high structures, such 
as water towers and blast-furnaces, are conveniently 
placed. Elsewhere the cost of special towers may 
make this system more expensive if the area to be 
covered is comparatively small. A tower 150 ft. high 
will cover an area of 600 ft. radius ; beyond this the 
illumination on the horizontal plane would be low, 
and obstructions would throw long shadows. How- 
ever, the illumination on vertical surfaces would be 
comparatively high, and objects could be seen clearly 
by brightness contrast with the darker horizontal 
surroundings. 

Where two towers are used the shadows are elimi- 
nated by light from the opposite tower and the dis- 
tance between the towers could be as much as 1500 ft. 

To avoid undue spill of light to areas which do not 
require it, the beam angles should be accurately 
controlled ; a beam angle of 12° will illuminate an 
elliptical area roughly 1000 ft. x 200 ft. at 600 ft. 
from a 150-ft. high tower. For efficiency and precise 
control, bunched filament lamps and mirrored glass 
reflectors are required, and the efficiency can be 
further increased by hoods to reflect the light from 
above the horizontal down to the area at the base of 
the tower. 

The glare normally experienced with narrow-angle 
beams and high beam candle powers is not noticeable 
when the units are mounted at 150 ft., but this type 
of projector should never be used where the beam is 
likely to coincide with the normal axis of vision. 
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Exposed situations demand a well-designed, water- 
proof type of floodlight which should be equipped 
with indépendent focusing in three dimensions at 
right-angles. Itis an advantage to have an indicator 
to show when the lamp is in correct focal adjustment, 
and preset devices on the gimbal and trunnions to 
ensure that the body of the floodlight is returned 
to its correct orientation after maintenance. 

Floodlights are individually costly, but one flood- 
light will replace at least 15 reflectors mounted on 
30-ft. poles. 

Other applications, such as coke ovens and quarries, 
can often be more conveniently dealt with by wide- 
angle floods at a lower level, but the best type of 
equipment can be decided only after consideration 
of the surroundings. It is important to avoid glare 
and for this reason it is usually advisable to employ 
comparatively low beam candle powers and to direct 
the beam from a position behind the operatives on 
to the work. 

Suitable intensitites for typical working areas are 
given below : 


Intensity 
lumens/sq. ft. 


Building and other constructional work 6 
Quarries and loading docks 3 
Car and bus parks ] 
Marshalling and stock yards 0-5 
lumens 100 linear ft 

Approach roads 8000 
Works roadways 3500 
Subsidiary works roadways and _ foot- 

paths 2000 


Roadway lighting differs entirely from interior 
lighting because it is not practicable to illuminate 
the objects to a higher level of brightness than the 
road surface and surroundings. The only economical 
method is to light the road surface so that objects can 
be seen in silhouette: this requires street-lighting 
lanterns designed to throw a beam of light obliquely 
along the road towards oncoming traffic. 

Dispersive and similar reflectors are not satisfactory 
for road lighting as only a small proportion of the 
light is reflected from the road surface towards the 
traffic. The height of columns is important because 
too low a mounting height causes glare ; 25-ft. columns 
at 120-150-ft. spacing are suitable for principal 
roads, and 15-ft. columns at 100-120-ft. spacing for 
subsidiary roads and footpaths. 


MAINTENANCE 

The efficiency of lamps and fittings falls during use 
more rapidly than that of any other electrical equip- 
ment, and only frequent and systematic maintenance 
can keep an installation up to its work. In many 
steelworks buildings the efficiency drops to 50%, of 
the initial value in a few weeks. 

The cost of maintenance can be reduced by suitable 
equipment and by arranging that all fittings are 
readily accessible for cleaning and lamp replacements. 
Where high fittings cannot be mounted on lowering 
gear or made accessible from existing structures 
special walkways should be provided. Adequate 
maintenance cannot be given from cranes in melting 
shops, soaking pits, and similar buildings, as when 
the cranes are not in use for production they are 
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either out of service for overhaul or are required for 
other maintenance work. 

It is generally preferable to remove complete fittings 
(or their reflectors, if detachable) and replace them 
by clean ones, the dirty units being cleaned in the 
maintenance shop under better conditions. 

The frequency of cleaning depends on the atmos- 
pheric conditions in the particular section of the works, 
and can be determined only by photometer tests. 
When an economical cleaning period has been estab- 
lished, occasional tests are required to check the 
deterioration of reflector surfaces. Voltage has an 
important effect on these tests and should be measured 
and the result recorded with the illumination values. 

There is a steady decrease in the lumen output of 
lamps, apart from that due to dust on the glass, and 
the output can fall to an uneconomical level before 
the lamp fails; lamps should therefore be changed 
at the end of their useful life. Where a number of 
lamps are in use for a known period, as in most shops, 
the complete section should be relamped at fixed 
intervals. With a mixed lighting installation this 
means that the tungsten lamps only would be changed 
at 1000 hr. and again at 2000 hr., and both tungsten 
and mercury-vapour lamps after 3000 hr. This 
obviates the need for continual single lamp replace- 
ment, increases the efficiency of illumination and 


maintenance, and is a definite check on lamp life. 
A premature lamp failure can be dealt with by using 
a lamp reserved for this purpose and used temporarily 
until all lamps are changed, when it can be returned 
to the stores for future replacement until it has 
served its useful life. 

Bulk lamp changing is not economical where lamps 
are individually switched and therefore operate 
during varying periods ; but it is still important to 
record the replacements so that in the event of abnor- 
mal conditions, such as short life, suitable preventa- 
tive action can be taken. 

Provided that fuseboards, contactors, etec., are 
housed in dust-tight housings and the covers are 
kept closed, little trouble should be experienced, but 
they should be examined and tested at regular 
predetermined times. Portable equipment should be 
returned to the maintenance shop at regular intervals 
for testing and repair or replacement of the flexible 
leads. 

It is important that faults are recorded so that the 
cause of recurrent faults can be found and eradicated. 

Planned maintenance calls for a certain amount of 
office work which can be kept to a minimum by the 
use of charts and card index systems, the exact 
details of which should be worked out to suit the 
organization and layout of the works. 





THE IRON AND STEEL ENGINEERS GROUP 
REPORT OF THE ELEVENTH MEETING 


THE ELEVENTH MEETING OF THE IRON AND STEEL ENGINEERS Group of The Iron 
and Steel Institute was held at 4 Grosvenor Gardens, London, S.W.1, on Wednesday, 


14th December, 1949. 
of the Group, presided. 


Mr. W. F. Cartwricut (Steel Company of Wales, Ltd.), Chairman 


AT THE MorNING SESSION two papers, entitled “ Electric Generation and Distribution in 
Iron and Steel Works,” by T. Coxon (The Consett Iron Co., Ltd.), and “‘ Protective Devices 
for Electrical Systems in Steelworks,” by H. V. BENNs and A. W. Tozer (British Thomson- 
Houston Co., Ltd.), were presented and discussed. A report of the joint discussion will be 


published in a later issue of the Journal. 
AT THE AFTERNOON SESSION the paper 


“The Layout of Integrated Iron and Steel 


Works,” by H. H. Marpon and J. S. Terrincton (British Iron and Steel Research 


Association) was presented and discussed. 


PROCEEDINGS AT THE AFTERNOON SESSION: 2.0 to 4.30 P.M. 


Discussion on— 


THE LAYOUT OF INTEGRATED IRON AND STEEL WORKS* 


Mr. E. R. §. Watkin (Appleby-Frodingham Steel Co.) : 
The straight-through railway layout is recommended at 
blast-furnace slag spouts, but it may be preferable for 
each pair of furnaces to reach four slag sidings, all with 
independent access from the same side. This could be 
arranged with the casting floor slightly saw-toothed 
against sidings nearly parallel to the furnace axis, each 
siding holding three bogie ladies at 440 cu. ft. or four 
short carriage ladles at 330 cu. ft. 
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- Costs of excessive storage in wagons arise under four 
headings : 
(a) Standage charges around 3s. or 4s. per wagon 
day 
(b) Increased siding provision—around £50 per 
wagon length, including share of approaches 





* Journal of The Iron and Steel Institute, 1949, vol. 161, 
Apr., pp. 327-359. 
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(c) Increased site preparation, probably equal to 
siding cost 

(d) Increased traffic costs for shunting stored 
material and for greater average distances in enlarged 
railway layout. 

Free standage (week and weekend) is now about 1} 
days for inward loads and half a day for outward loads 
requiring mainly special empties. Some works now 
maintain their normal loaded standage near the free 
limit, though they still substantially exceed it for special 
occasions. I suggest that we should examine means of 
adopting the free loaded standage as the maximum 
storage in wagons. Including the return of empties from 
unloading and the holding of special empties for loading, 
the total wagons standing at any time for the arrival, 
departure, sterage, unloading, and loading of all main- 
line traffic could then be limited to the sum of the loads 
and empties received and dispatched daily, as in the 


example below : 
Handled per Time on Works, Number Standing 


Wagons Day (Ratio) Days (Ratio) 
Loads received 4-7 14 7-05 
Empties ,, 1-3 14 1-95 
Loads dispatched 2-0 i 1-0 
Empties ,, 4-0 4 2-0 


12 handled 12 standing 


Siding space for this limited standage, plus a margin 
of, say, 50% for shunting and segregating, would then 
allow new works to be built with a more compact layout 
and the railways of existing works to handle increased 
traffic. Whether the suggested standage would provide 
for plant consumptions at all times, and for the accept- 
ance of all reasonably tendered traffic, would depend on 
the following plant storage conditions : 

(1) Outward Traffic—Finished steel, pig iron, slag, 
etc., often show standing loads and empties less than 
their total handled daily. Standing may be increased, 
however, by the bunching of inward empties or the 
lack of plant storage for cargo dates and delayed 
inspection. 

(2) Miscellaneous Traffic—Stores, machinery, re- 
fractories, and minor materials are slow to unload, 
particularly where there are difficulties over identifica- 
tion or mixed loads, but they involve comparatively 
few wagons. 

(3) Oven Coal—Conditions appear favourable for 
bulk unloading and storage. The balancing of quanti- 
ties is often prejudiced, however, by bunkers being 
kept continuously full of prepared coal against break- 
down of the preparation plant. Increased emphasis 
on blending may also prevent an excess of one coal 
grade being accepted into plant storage until suitably 
matched. Unloading capacity may further be based 
rigidly on 6 A.M.—2 P.M. operation, to give a standage 
peak every morning. 

(4) Scrap—Unloading is slow at some works and 
rapid at others. It is assumed that effective handling 
and storage can show standing loads and empties near 
their total handled daily. 

(5) Blast- Furnace Ore—-Modern ironworks receiving 
home ore or limestone include continuous high-capacity 
wagon unloading and plant storage. On this main 
traffic volume the standing loads and empties can be 
regularly much less than their total handled daily, to 
balance excesses on other items above. 

(6) Other Materials—Ironworks coke and a range of 
medium-quantity materials (scale, cinder, steelworks 
ore and limestone, coal for producers, boilers, and 
locomotives, etc.), together form a large volume of 
traffic with a tendency in some districts to arrive 
individually in occasional trainloads and in varied 
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types of wagon. Mechanized unloading, storage, and 
recovery cannot be justified at every consuming point, 
and it should be recognized that main consuming 
departments work more efficiently with fixed manning 
to handle regular daily requirements only. Controlled 
standage of these other materials then depends largely 
on the development of effective common storage. 
Crude hand and slewing methods are expensive and 
are also slow in application as they require the 
diversion of material to outlying areas. Caterpillar 
grab cranes are effective for easy-flowing material, 
but a general solution of the problem requires fixed 
plant near to the normal traffic routes and with tippler 
unloading to a series of storage bays. With such 
plant, the standage on an important range of materials 
could be held within the suggested limits. 


The idea of a central storage plant for excess material 
might be developed further into the vision of a fully 
equipped unloading centre, capable of unloading all 
medium-quantity materials as they arrive in varying 
numbers and types of wagon, and then of forwarding 
regulated quantities to consuming points by self- 
unloading wagon, transfer car, belt conveyor, or tip 
lorry. With an extended stores organization similarly 
handling all minor loads, it would be possible to design 
a works with railways penetrating to the sources and 
destinations of only prime materials, products, or 
internal loads, and not to every corner of the works. 
The costs of intermediate handling by fully equipped 
methods might then be more than balanced by the 
abolition of wagon charges and direct small-scale un- 
loading, and by the advantages of a very compact layout 
for works buildings, processes, and organization. 

Mr. G. K. Tatterson (John Summers and Sons, Ltd.) : 
The ideal flow of incoming raw material is for the daily 
requirements of each plant to be delivered regularly and 
evenly each 24 hr. Similarly, empty stock for forwarded 
traffic should be supplied by the railways on the basis 
of a day’s requirements. 

In practice, however, the arrival of raw materials (and 
empty stock) is erratic, e.g., iron ore deliveries are related 
to the arrival of supply ships. In works situated some 
distance from the coalfields, requiring different grades of 
coal from different areas, fuel is delivered irregularly, 
owing to such causes as wagon shortage at the pits, un- 
favourable weather, or main-line occupation, especially 
where slow-moving mineral trains have to pass through 
a heavily occupied section, e.g., Woodhead Tunnel. A 
complete record of the actual day-to-day arrivals, over a 
period, would show the need for the National Coal Board 
and the Railway Executive to provide a more regular flow 
of fuel traffic. 

Sufficient ground space should be available in the 
blending areas for the stocking of any surplus (temporary) 
fuel for coke ovens, and ore for blast-furnaces, thus 
making use of the established plant, and avoiding 
separate stocking grounds (sometimes remote from the 
plant), which involve special staff, wagons, machines, 
and railway track. 

Mr. E. T. Judge (Dorman, Long and Co., Ltd.) : The 
authors have given serious thought to the important 
fundamental] requirements of an efficient works layout, 
given a site devoid of all restrictions, and the paper should 
be of great value as a work of reference for engineers 
confronted with layout problems. 

The discussion so far has been concerned with the cost 
and the accommodation required in railway sidings. 
Mr. Watkin’s figures of the cost of providing standage 
for railway wagons appear to be very modest estimates. 
I believe Mr. Tatterson pointed to the real issue, as far 
as railway sidings are concerned. Most of our operations 
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are already continuous over the seven-day week, but 
some wagon suppliers are working only a five-day week. 
That causes a great deal of trouble and expense, especially 
in regard to the additional cost of handling materials 
which come in during the five-day week and have to be 
spread by us to consuming points within the works over 
seven days. I doubt whether these costs and their 
overall effect are fully appreciated by those who press 
for an ever shorter working week. 

It is concluded in the paper that, when setting out 
a plant, the railway layout should be planned and the 
works built round it. That is, I think, the really funda- 
mental point. If the basic skeleton railway arrangement 
is not right, the works layout will never be right. Access 
for road vehicles should also be provided ; effective road 
access to every department is of great importance, 
particularly for quickly bringing in spares and replace- 
ments. Even some interdepartmental production trans- 
fers can be carried out more effectively by road than by 
rail. Often, however, an ideal road and an ideal rail 
arrangement cannot both be provided owing to con- 
flicting interests of these two services. In such cases 
I believe the authors’ conclusion still holds, at any rate 
for the present, viz., the rail track system must be as 
near ideal as possible, other factors taking secondary 
place. 

Mr. M. D. J. Brisby (B.I.S.R.A.): Mr. Tatterson 
referred to bunched arrivals causing congestion in works 
transport systems, but the psychology of works manage- 
ment can, and often does, cause an even greater con- 
gestion. Standage is sometimes deliberately kept high 
since departmental managers are reluctant to unload 
materials when they know that they cannot pick up 
from stock sufficiently fast to keep their department at 
full production rate. The economics of standage, 
stocking, and speed and cost of unloading should be 
carefully examined ; and congestion might be relieved 
and standage charges reduced if better mechanical 
handling equipment were available. Stockyards could 
then be used as a buffer or settling tank in regulating the 
flow of materials, and not as a stationary quantity to be 
used only in cases of great emergency. 

The idea of building a works round a railway system 
is developing fast, but the problem should be taken one 
step further back and a detailed study should be made 
of materials flow. 

In an iron and steel works the flow is discontinuous, 
firstly because materials are contained in wagons, 
secondly because various departments consume them at 
different speeds, thirdly because rates of consumption 
within a department vary within considerable limits, 
and lastly because of a number of unpredictable causes. 

If a sufficiently large interval of time is considered, 
the term ‘flow’ has in fact a true meaning, and it is 
this study of flow which should condition the layout of 
a@ works. 


Mr. C. Hulme (The Steel Company of Wales, Ltd.) : 
I was disturbed to note the differences in layout between 
plants in this country and those shown in the paper, 
until I realized where the difficulties lay. In the United 
Kingdom, site difficulties are pre-eminent. Modern 
plants with an orderly and formalized layout are seen 
in such countries as South Africa, Turkey, and Brazil, 
but the designers do not envisage indefinite extensions 
in all directions. 

I do not think that in iron and steel works anywhere 
in the world we shall see in the future the great develop- 
ments which took place in various American works in 
the past. It seems that design is being carried out in 
the case of entirely new works on the basis of one primary 
rolling mill, and when the capacity of that mill is 
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reached, as in the Iscor Works, the designers move to 
a new site. I think the authors may have given too 
much consideration to indefinite development of one 
particular site. 


Mr. E, T. Judge : I do not agree with Mr. Hulme, as 
one blooming-mill installation for taking a works ingot 
output will not give the maximum efficiency of iron- 
making, at any rate with, say, 50/50 iron-scrap on the 
open-hearth plant. The capacity of one blooming mill 


at, say, 15,000 ingot tons per week, or 7000 tons of 


iron per week, is less than the make of a large modern 
blast-furnace, and in any case a works with one blast- 
furnace would not be ideally integrated. 

A few works—not many—will be needed in this 
country with considerably greater ingot capacity than 
one blooming mill can consume if we are to be as 


efficient as our competitors in world markets. I agre¢ 
that some of the diagrams which we have been 


shown go too far in showing 6 or 8 melting shops and 
6 or 8 blast-furnace groups on one site, but I do not 
think a works based on one blooming mill is big enough, 
or that we should design our ideal layout on that basis. 


Mr. W. J. Pool (British Thomson-Houston Co., Ltd.) : 
I support Mr. Judge. The Iscor Works in South Africa 
are starting a new site, not because their present works 
have reached an economic limit, but because they have 
as many site limitations as some of the British works. 
I believe that is the only reason for their expansion on 
@ new site. 

AUTHOR’S REPLY 


Mr. H. H. Mardon, in reply, said : I think Mr. Watkin’ s 
idea of 14 days’ standage is very much to the point, and 
we are at present studying the question of standage in 
relation to siding capacity. After we had started this 
investigation on the problem of works layout, it soon 
became evident that the transport problem was the 
determining factor. We therefore completed the report 
on layout, to the best of our ability, and immediately 
attacked the problem of traffic communication, standage, 
and siding capacity. 

Mr. Tatterson’s valuable remarks on the relationship 
of railways and external suppliers are very true, and 
I can add little except to agree with him. 

We are very grateful to Mr. Judge for his strong 
support. We fully agree with him on the need for road 
access, but we thought that if we tackled railways first, 
and the iron and steel industry agreed to that, ve might 
try roads next. 

Mr. Hulme did not like the idea of indefinite extension, 
but his point has already been answered by Mr. Judge 
and Mr. Pool. I follow Mr. Hulme’s argument, however, 
and I think he is right. The diagram should not be 
taken literally, but only to show the general trend to be 
followed when laying out a works with provision for 
future expansion. It was not our intention to suggest 
that we should have a line of 7 blast-furnace plants and 
7 rolling mills ; we wanted to convey diagrammatically 
the need for an ordered layout in blocks. We had in 
mind an operating unit of about 500,000 tons. At the 
same time, we suggested that the principle of laying 
out works is fundamental and applies equally well to 
other industries. 

As Mr. Pool said, the Iscor Works moved to a bigger 
site because they had not the space for expansion. I do 
not know whether this will convince Mr. Hulme that 
extensions need not always be horrible. 


(A previous discussion on this paper is recorded on 
pp- 153-158 of the October, 1949, issue of the Journal 
(vol. 163).) 
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ANNOUNCEMENTS AND NEWS OF SCIENCE AND 


INDUSTRY 





THE IRON AND STEEL INSTITUTE 
Meetings 
Special Meeting in Glasgow, 1950 


The Council have accepted an invitation of the West 
of Scotland Iron and Steel Institute to hold a Special 
Meeting in Glasgow from Tuesday 12th to Friday 15th 
September, 1950. 

The programme will provide for discussions of technical 
papers and also visits to iron and steel works and 
engineering concerns in Scotland. In addition to various 
social activities there will be special excursions and visits 
for Ladies. 

More details of the meeting will be given in future 
issues of the Journal. 


Symposium on High-Temperature Steels and Alloys 
for Gas Turbines 


Arrangements are in hand for a Symposium on High- 
Temperature Steels and Alloys for Gas Turbines to be 
held on Wednesday and Thursday, 18th and 19th 
October, 1950. The sessions will take place in the 
Lecture Theatre of The Institution of Civil Engineers, 
Great George Street, London, 8.W.1. 

A programme of some twenty-five to thirty papers is 
in course of preparation. The papers and discussion 
will be issued together in a bound volume as a Special 
Report. Orders for the volume (which must be accom- 
panied by a remittance) received before the date of the 
Symposium will be supplied at the reduced rate of 
£2 2s. Od. per copy (post free), and those intending to 
attend the Meeting who purchase a copy of the volume 
will be provided with a set of advance copies of the papers. 
After the Meeting the published price will be £3 3s. Od. 
(post free). Advance copies will not be supplied separ- 
ately. 

A Dinner for participants in the Symposium is being 
arranged at the Hyde Park Hotel, Knightsbridge, 
London, W.1, on Wednesday, 18th October, 1950. 

Further details will be made known in due course. 


Fifth Hatfield Memorial Lecture 

On the Tuesday evening before the Symposium on 
High-Temperature Steels and Alloys (17th October) 
Air Commodore Sir Frank Whittle, K.B.E., C.B., D.Sc., 
F.R.S., will deliver the Fifth Hatfield Memorial Lecture, 
his subject being the development of the gas turbine. 


Autumn General Meeting, 1950 


The Autumn General Meeting will be held in London, 
on Wednesday and Thursday, 15th and 16th November, 
1950. 
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Awards 
Bessemer Gold Medal for 1950 


The Bessemer Gold Medal for 1950 has been awarded 
to Mr. James Mitchell, C.B.E., for his distinguished 
contributions to the technical development of the iron and 
steel industry in Great Britain. Mr. Mitchell, Honorary 
Treasurer of the Institute, is Managing Director, Iron and 
Steel Production, of Messrs. Stewarts and Lloyds, Ltd. 
Biographical notes and a portrait appear as the frontis- 
piece to this issue of the Journal. 

Sir Robert Hadfield Medal for 1950 

The Sir Robert Hadfield Medal for 1950 has been awar- 
ded to Mr. G. D. Elliott, Blast-Furnace Superintendent 
at the Scunthorpe Works of the Appleby-Frodingham 
Steel Co., Ltd., for his contributions, in practice and 
theory, to the development of blast-furnace operation. 

Mr. Elliott was born in 1909 in Hartlepool, and was 
educated at Penistone Grammar School and at Sheffield 
University. He joined the Blast-Furnace Department 
of the Appleby-Frodingham Steel Co., Ltd., a branch 
of The United Steel Companies Ltd., in 1931, and was 
later appointed Superintendent. He is well known in 
the industry for his work on blast-furnace practice and 
he has been particularly active as Chairman of the 
Blast-Furnace Practice Committee of the Iron-Making 
Division of the British Iron and Stee] Research Associa- 
tion. 


Andrew Carnegie Medal for 1949 

The Andrew Carnegie Silver Medal for 1949 has been 
awarded to N. H. Polakowski, Dipl.Ing., for his report 
on ** The Compression Test in Relation to Cold Rolling. 
(Journal, November 1949, pp. 250-276). 

Mr. Polakowksi studied at the Technical University 
of Lwow, where he obtained the degree of Diploma 
Engineer, in 1938. His industrial experience includes 
machine design and production engineering, and for 





N. H. Polakowski 


D. F. Marshall 
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H. C. White E. L. Diamond 


some time he was in charge of the metal processing 
department of the automotive workshops in Moscow. 
After a few months as manager of a rolling-mill depart - 
ment in a works in Upper Silesia, Mr. Polakowski came 
to England in 1948. He is now working under Professor 
H. O'Neill at the University College of Swansea, where 
he is studying the engineering aspects of deformation and 
their application to practical shaping processes. 


Williams Prize for 1949 

The Williams Prize for 1949 has been awarded jointly 
to D. F. Marshall, Ph.D., and H. C. White, for their 
paper on ‘“‘ The Conversion to Oil Firing of the Open- 
Hearth Furnaces at Park Gate Works.” (Journal, April, 
1949, pp. 301-317). Dr. Marshall is Fuel and Refractories 
Officer at The Park Gate Iron and Steel Co., Ltd., 
Rotherham. After obtaining his B.Sc. degree at Sheffield 
University he carried out blast-furnace trials with the 
Midland Coke Research Committee. He was a recipient 
of the Williams Prize and a Carnegie Scholarship in 
1933 for the published results of this work. In 1934 he 
obtained the degree of Ph.D. and joined the staff of the 
Midland Coke Research Committee. He took up his 
present appointment in 1936. 

Mr. White, who is Development Engineer at The Park 
Gate Iron and Steel Co., I.td., received his technical 
education at the Rotherham Technical Institute and at 
Sheffield University. He became an engineering appren- 
tice in the works of the Company and, in 1940, he was 
appointed Assistant Chief Draughtsman. He became 
Chief Draughtsman in 1945, and was appointed to his 
present position in 1947. 


Ablett Prize for 1949 

The Ablett prize for 1949 has been awarded jointly 
to Mr. E. L. Diamond, M.Se.(Eng.), and Mr. A. M. 
Frankau, M.A., for their paper on “‘ Present Methods of 
(Journal, March 1949, 


Open-Hearth Furnace Charging.” 
pp. 191-211). 

Mr. Diamond, who is now 
Assistant Technical Director 
of the British Standards Insti- 
tution, was formerly Head of 
the Mechanical Section of the 
Plant Engineering Division 
of the British Iron and Steel 
Research Association. He 
graduated with honours at 
King’s College, London, in 
1922, and then entered the 
locomotive works of the 
L.M.S. Railway at Derby. In 
1926 he joined the editorial 
staff of The Institution of A. M. Frankau 
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Mechanical Engineers. He obtained his M.Sc.(Eng.) 
degree in 1935. During the Second World War Mr. 
Diamond was Inspector (components) of the Armoured 
Fighting Vehicles Department of the Ministry of 
Supply. He was with B.I.S.R.A. from 1946 to 1949. 

Mr. Frankau, who is Assistant Mechanical Engineer 
in the Plant Engineering Division of the British Iron 
and Steel Research Association, was educated at Rugby 
School and at Cambridge University, where he gained 
honours in the Mechanical Sciences Tripos, in 1941. 
After serving with the Royal Air Force he returned to 
Cambridge in 1946. to take honours in Metallurgy in 
Part II of the Natural Sciences Tripos. He joined the 
staff of B.I.S.R.A. in 1947. 


NEWS OF MEMBERS 


> Mr. N. N. CHatropapHyay has been awarded the 
degree of B.Sc.(Met.) of the Benares Hindu University. 
He is now with the Tata Iron and Steel Company. 


> Mr. LUTHER GrirrirHs, formerly Chief Engineer of 


Port Talbot and Margam Works of the Steel Company 
of Wales Ltd., has been appointed Chief Engineer with 
the same Company in charge of the Engineering Depart- 
ment of Port Talbot, Margam, and Abbey Works, and 
Cornelly Quarry. 

> Sir WALTER BENTON JONES, Bart., has been appointed 
a Vice-Chairman of the Executive Board of the British 
Tar Confederation for the year 1950. 

> Mr. R. T. KEENE has left Messrs. John Summers and 
Sons, Ltd., and has accepted an appointment with Sir 
Alexander Gibbs and Partners as Assistant Engineer, 
on road, rail, and hydro-electric projects in East Africa. 
> Mr. P. Kern has been appointed Ziirich (Switzerland) 
representative of Hambro’s Bank Ltd., London. 

> Mr. J. M. McSHane, formerly Assistant General 
Manager (Technical) of the Australian Gas Light Co., 
has been appointed General Manager and a Director of 
John McGrath Ltd., of Sydney, Australia. 

> Mr. J. W. Poxorny has resigned from Messrs. 
Chemo-Metals (London) Ltd., to become Manager of 
Messrs. Diamond Abrasives, Ltd., London. 

> Mr. J. P. Surciirre has been appointed Mill Superin- 
tendent at Noranda Copper and Brass Limited, Quebec. 
> Mr. J. B. Tock has left Messrs. Stewarts and Lloyds 
Ltd., Corby, to take up an appointment with Messrs. 
Richard Thomas and Baldwins Ltd., Ebbw Vale. 

> Mr. F. M. Tuomas has left Needle Industries Ltd., 
of Studley, to take up an appointment at the National 
Oil Refineries Ltd., Llandarcy, Glamorganshire. 


> Mr. Banamati SEN has left the Steel Corporation of 


Bengal to take up an appointment as First Staff Trainer 
at the Indian Iron and Steel Company’s workshops at 
Hirapur. 

> Mr. F. S. Witson has been appointed Assistant 
Metallurgist in the Foundry of Messrs. Leyland Motors 
Ltd., Lancashire. 


Obituary 
Mr. E. B. Muscrort, on 20th February, 1950. 
Mr. A. P. NEwatt, Chairman and Founder of A. P. 
Newall and Co., Ltd., Glasgow, on 18th February, 1950. 
‘Mr. Harry Smira, Works Manager of Cochranes 
(Middlesbrough) Foundry, Ltd., on 6th March, 1950. 


CONTRIBUTORS TO THE JOURNAL 


D. Whitwham, M.A., Ph.D.—Research Fellow at the 
Centre Nationale de la Recherche Scientifique. Dr. Whit- 
wham was born in 1924 and was educated at Huddersfield 
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College and at Peterhouse, University of Cambridge, 
where he read the Natural Sciences Tripos, gaining 
second-class honours in Part II (Metallurgy). 

From 1944 to 1948 he worked under Dr. U. R. Evans, 
F.R.S., at Cambridge, on investigations into stress 
corrosion in aluminium alloys, sponsored by the Ministry 
of Aircraft Production. The results of this work were 
submitted as a thesis for the Ph.D. degree, which he has 
recently obtained. 

Whilst still remaining in the Cambridge Laboratories, 
Dr. Whitwham transferred his interests, in 1948, to the 
study of the corrosion fatigue of iron and steel, under 
the auspieces of the British Iron and Steel Research 
Association. In July, 1949, he was awarded a Research 
Fellowship of the Centre Nationale de la Recherche 
Scientifique, to continue his researches in Professor 
G. Chaudron’s Vitry Laboratory, under the direction of 
Dr. Lacombe. 

E. Lloyd Evans, B.Sc.._A member of the staff of the 
Metallurgy Division of the National Physical Laboratory. 
Mr. Evans was born in 1921, and he was educated at 
Bassaleg Grammar School, Monmouthshire, and at 
University College, Cardiff, where he held a City of 
Cardiff Major Scholarship and the Isaac Roberts Scholar- 
ship in Science. 

He graduated in 1942 with first-class honours in 
chemistry and then joined the Armament Research 
Department of the Ministry of Supply, where he worked 
on problems associated with the welding of armour 
steels. Mr. Evans took up his present appointment in 
July 1946. 

A. B. Winterbottom, M.Sc.(Tech.), B.Sc.(Eng.), 
F.R.LC., F.Inst.P., F.1.M.—Keader in Metallography at 
the Technical University of Norway. He graduated in 
applied chemistry (metallurgy) at Manchester University 
in 1924, and after carrying out post-graduate research 
he was appointed Research Assistant at Messrs. Ferranti 
Ltd. In 1929 he joined the newly established Research 
Department of Tube Investments Ltd., as Senior Assis- 
tant. 

From 1934 until the outbreak of the Second World 
War, Mr. Winterbottom studied, in the laboratories of 
the late Professor Leif Tronstad at Trondheim, the for- 
mation of thin oxide films on metals, using the polarized 
light method. This work was supported by a grant from 
the Department of Scientific and Industrial Research 
(1935), a Robert Blair Fellowship (1936), and a grant 
from the Andrew Carnegie Research Fund (1938). 

Mr. Winterbottom remained in Norway for some 
months after the German invasion in April 1940, but 
was later captured when he was about to leave for 
Sweden. He was exchanged. and returned to Engiand 
in 1943 to take up an appointment as Senior Investi- 
gator at the laboratories of the British Non-Ferrous 
Metals Research Association, where he worked with a 
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small group, chiefly on corrosion problems. At the end 
of the war he became a Lecturer in Electrometallurgy 
at Manchester University. 

In 1947 Mr. Winterbottom was appointed to his 
present position but, before taking up his duties in 
1948, he visited the U.S.A., where he contributed a 
paper, on the optical technique, to the International 
Conference on Surface Reactions, held in Pittsburg. 

The Williams Prize of the Institute was awarded to 
Mr. Winterbottom and his co-author, Mr. J. P. Reed, 
for their paper on ** Scale Removal by Acid Pickling,” 
presented in 1932. The results of the investigations 
carried out at Trondheim are the subject of the author's 
paper published in this issue of the Journal. 

D. S. Laidler, B.Sc., Ph.D., A.R.1.C., A.IL.M.-—Assistant 
Research Manager in the Central Research Laboratories 
of Messrs. Goodlass Wall and 
Lead Industries, Ltd., Peri- 
vale, Middlesex. Dr. Laidler 
was educated at Blaydon 
Secondary School and at 
King’s College, University of 
Durham, Newcastle-upon- 
Tyne, where he obtained the 


B.Se. degree, with honours 
in cheinistry, in 1938, and 


also a Pemberton Scholarship. 

He was awarded the degree 
of Ph.D. in 1940 for researches 
into the X-ray crystallography 
of carborundum and graphite. 
From then until 1944 he was a member of @ Ministry 
of Supply extra-mural research team at King’s College. 
He joined the Research Department of Messrs. Wild- 
Barfield Electric Furnaces Ltd. in 1944, where he 
continued his work on gas carburization, and was later 
placed in charge of the department. Dr. Laidler took 
up his present appointment in 1948. 

G. Withers, B.Sc.--A member of the Technical Secre- 
tariat of the Federation of British Industries. Mr. 
Withers received his technical training at the University 
College, Nottingham (now the University of Nottingham) 
where he obtained the degree of B.Se. of London Uni- 
versity, with honours in chemistry, in 1935. After a 
vear at Leeds University as a research assistant and 
demonstrator he was engaged in teaching until 1939 and, 
on completion of his war service, he returned there for 
a short period until he joined the staff of the British 
Iron and Steel Research Association, in 1947. He was 
a inember of the staff of the Chemistry Department and, 
until he took up his present appointment in 1949, he 
was Technical Secretary to the Corrosion Committee of 
the Association. 

G. W. Levey—-A member of the staff of 


McLellan and Partners, Consulting Engineers, London. 





Messrs. 


Before the Second World War Mr. Levey was Chief 
Electrical Engineer to Messrs. Stinton Jones and 
Partners, Consulting “Engineers. and was concerned 


chiefly in the design of lighting installations in various 
public buildings. During the war he dealt with installa- 
tions in many Royal Ordnance Factories, and has 
since specialized in the lighting of iron and steel works. 
He is responsible for the lighting installations at the 
Abbey and Trostre Works of the Steel Company of 


Wales, Ltd. 
IRON AND STEEL ENGINEERS 


The THIRTEENTH MEETING of the Iron and 
Kngineers Group will be held at 4 Grosvenor Gardens, 
London, S.W.1. on Wednesday, 28th June, 1950. 

The subjects for discussion at the meeting will be 
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lighting, heating and ventilation, and water supply in 
iron and steel works, and papers will be presented by 
Mr. G. W. Levey, Mr. F. R. L. White, and Mr. J. L. 
Daniel, respectively. Further details will be announced 
in the June issue of the Journal. 


BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 


Associate Membership 


For the first few years membership of the British Tron 
and Steel Research Association was open only to firms 
directly concerned with the production of iron and steel, 
but it was realized at the outset that much of the work 
of the Association would be of interest to firms in all 
trades and industries, e.g., suppliers to the iron and steel 
industry of raw materials, plant, and equipment, and 
processors and users of iron and steel. Early in 1949 the 
Council approved a scheme whereby such firms in this 
country may be admitted to Associate Membership in 
those fields of work of the Association in which they are 
interested. In general, Associate Members, in their 
particular field of interest, have the same rights as Ordin- 
ary Members, e.g., they receive copies of restricted 
research reports and the usual library and information 
services, and are able to attend conferences. 

The number of Associate Members is steadily increas- 
ing. About one third are manufacturers of steelworks 
plant and equipment, while the remainder cover a wide 
variety of industries—electrical and gas turbine, engin- 
eering, industrial gas manufacture, plastics, instruments, 
chemicals, alloy manufacture, metal spraying, oil refin- 
ing, light engineering, and steel fabrication. 

The annual subscription is based on the size of the 
firm and the number of the Association’s Divisions in 
which the Associate Member is interested. The subscrip- 
tion varies from £25 per annum, for the smaller firnis 
interested in the work of a single Division, up to £2000, 
for the very large concerns to which much of the Associa - 
tion’s work is of interest. 


INSTITUTE OF METALS 


Waiter Rosenhain Memorial Medal 


The Council of the Institute of Metals has gratefully 
accepted an offer by the Directors of Imperial Chemical 
Industries, Ltd., to place at their disposal a sum of 
money sufficient to found a medal to be awarded as a 
memorial to Dr. Walter Rosenhain, F.R.S., distinguished 
British metallurgist and Past-President and Fellow of 
the Institute. 

The medal, which is now being designed, will be awar- 
ded annually for outstanding contributions to knowledge 
in the field of physical metallurgy, and will be open to 
individuals under 45 years of age, irrespective of sex and 
nationality. 

Further particulars will be announced in due course. 


NEWS OF SCIENCE AND INDUSTRY 


Conference on Isotopes in Industry 


The Department of Extra-Mural Studies of the 
University of Birmingham, in conjunction with the 
Birmingham Branch of the Atomic Scientists’ Associa- 
tion, is holding a Conference on ** Isotopes in Industry ” 
from 19th to 21st May, 1950, at the University, Birming- 
ham. 

The Conference is designed to introduce radioactive 
isotopes and the associated techniques to industrial 
scientists and technologists. Further details may be 
obtained from the Department of Extra-Mural Studies, 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


University of Birmingham, Edmund Street, Birmingham, 
3. Telephone, Central 8541, Extension 12. 
Canadian International Trade Fair 

At the Canadian International Trade Fair, to be held 
in Toronto from 29th May—9th June, 1950, the English 
Steel Corporation of Sheffield and Manchester will be 
among those exhibiting an extensive range of British 
tools, tool steels, and permanent magnets. Their agents 
in Eastern Canada are The Alison Machinery Co., Ltd.. 
208 Simcoe St., Toronto. 


William Jessop and Sons, Ltd. 

The Company, and their associates, Messrs. J. J. 
Saville and Co., Ltd., have appointed Mr. E. H. Goater 
representative for the Yorkshire (Leeds) area. Mr. A. W. 
Pryor is now the representative in the Sheffield area, 
whilst Mr. R. 8. Lloyd will cover the firms’ interests in 
the South Wales area. 


Change of Address 


ACHESON CoLLorps Ltp., have removed their address 
from 9 Gayfere Street, Westminster, to 18/19 Pall Mall. 
London, 8.W.1. (Tel. : Whitehall 2034/7. Telegrams : 
Oildag Piccy London). 


DIARY 


4th May—Lereps METALLURGICAL Socrety—Annual 
General Meeting and Junior Members’ Papers—- 
Department of Chemistry, University of Leeds. 
7.0 P.M. 

10th May—InstitutE or Metats—40th May Lecture. 


by H. Roxbee Cox—Royal Institution, 21 Albemarle’ 


Street, London, W.1, 6.0 p.m. 

18th May—InstituTE or MINING AND METALLURGY 
Annual General Meeting—Geological Society, Bur- 
lington House, London, W.1, 4.0 p.m. 

28th May-6th June—TxHirD WoriLD PETROLEUM C'on- 
GRESsS—The Hague, Holland. 


TRANSLATION SERVICE 

(The previous announcement was made in the April 

1950, issue of the Journal, p. 480). 

TRANSLATION AVAILABLE 

No. 397 (German). H. Krartner and B. TARMANN : 
“The Solidification of Steel in Continuous 
Castings.” (Stahl und Hisen, 1949, vol. 69, Nov. 
10, pp. 813-819). (Translation prepared by 
Mr. C. B. Lander and made available through 
the courtesy of The Mond Nickel Company, 
Ltd., Birmingham). 

TRANSLATIONS IN COURSE OF PREPARATION 

(German). H. EvLer: “ International Comparison of 
Production, Personnel and Efficiency in the 
Iron and Steel Industry.” (Stahl und Eisen. 
1949, vol. 69, Nov. 10, pp. 827-835. 

(German). W. OELsEN : “‘ The Thermodynamics of [ron 
Alloys.” (Stahl und Eisen, 1949, vol. 69, July 7. 
pp. 468-474 ; discussion, pp. 474-475). 

CHARGES FOR Copies OF TRANSLATIONS——The charge 
for the above translation is £1 for the first copy and 10s. 
for each additional copy of the same _ translation. 
Requests should be accompanied by a remittance. 
These translations are not available on loan from the 
Joint Library. 

TRANSLATIONS PREPARED AT MEMBERS’ REQUEST 
Members requiring translations of foreign papers are 
invited to communicate with the Secretary, who wil! 
ascertain whether they can be prepared for inclusion in 
the Series. 
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MINERAL RESOURCES 


Coal Resources of the British Commonwealth. C. A. Carlow. 
(Fourth Empire Mining and Metallurgical Congress, Great 
Britain, July, 1949, Paper No. F.1). 

The Characteristics of the Empire Coals and Their Bearing 
on the Industrial Potential of the Empire. R. Foot. (Fourth 
Empire Mining and Metallurgical Congress, Great Britain, 
July, 1949, Paper No. F.2). It is shown, among other things, 
that the old distinction between high-grade and low-grade 


fuels is rapidly disappearing and that every coal deposit of 


sufficient magnitude, capable of being worked at reasonable 
cost, has now become a potential source of industrial wealth 
since the relatively low fuel value of the immature coals 
(lignites and brown coal) is to a great extent offset by their 
high chemical potential.—R. A. R. 

Mineral Industry of Australia with Particular Reference to 
the Past Twenty Years. P. B. Nye, I. C. H. Croll, and D. R. 
Dickinson. (Fourth Empire Mining and Metallurgical 
Congress, Great Britain, July, 1949, Paper No. A.B.1). The 
more important changes in the mineral industry in Australia 
are cited. The production of iron ore in the five-year periods 
1934-38, 1939-43, and 1944-48, was approximately 9-1, 
11-5, and 9-6 million tons, respectively.—R. A. R. 

Some Notes on the Mineral Resources (Excluding Coal) of 
the Union of South Africa. A. R. Mitchell. (Fourth Empire 


Mining and Metallurgical Congress, Great Britain, July, 
1949, Paper No. A.B.2). In 1942 the Union of South Africa 


had an output of 434,803 tons of manganese ore. The man- 
ganese content of the exported ore varies between 39 and 
52%. The reserves of chrome ore are probably the largest in 
the world. Of reserves of 6000 million tons of iron ore, 120 
million tons consist of high-grade hematite with about 60% 
of iron and 1 to 5% of silica ; the remainder is made up of 
ores with 40 to 60% of iron and between 5 and 25% of silica. 
R. A. R. 

Changes in Canada’s Mineral Resources during the Past Ten 
Years. G. C. Monture. (Fourth Empire Mining and Metallur- 
gical Congress, Great Britain, July, 1949, Paper No. A.B.3). 
In 1937 no iron ore was produced in Canada, whilst in 1947 the 
output was 1-8 million tons from two mines in the Lake 
Superior region. Particulars of the deposits in Labrador, 
350 miles north of the St. Lawrence, where 300 million tons 
of high-grade iron ore have already been proved, are given. 
Be As Re 

The Mineral Resources of Malaya and other Far Eastern 
Countries. Sir Lewis Leigh Fermor. (Fourth Empire Mining 
and Metallurgical Congress, Great Britain, July, 1949, Paper 
No. A.B.4). The production of iron ore in Malaya has been 
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almost exclusively for the Japanese iron and steel industry. 
Output reached a maximum of 1-65 million tons in 1936. 
If the export to Japan is not to be re-opened it is probable 
that the large reserves will be left in the ground until the 
world becomes more orderly.—R. A. R. 

The Mineral Resources of the British West African Colonies. 
N. R. Junner. (Fourth Empire Mining and Metallurgical 
Congress, Great Britain, July, 1949, Paper No. A.B.5). This 
review shows that the annual production of iron ore in Sierra 
Leone rose from 664,927 tons in the 1935-39 period to 827,332 
tons in 1945, and was 729,398 tons in 1946. Wolframite has 
been intermittently worked in the Northern Nigerian tin- 
fields. The Gold Coast is an important producer of high-grade 
manganese ore, the annual production being about 700,000 
tons. Chromite has been mined at Lagos, 186 miles by rail 
from Freetown, since 1937.—R. A. R. 

Mineral Resources of India. D. N. Wadia. (Fourth Empire 
Mining and Metallurgical Congress, Great Britain, July, 
1949, Paper No. A.B.7). This is a review of the chief mineral 
and metal assets of India with data on the resources and 
present production. In the districts of Singhbhum and in 
parts of Orissa alone the reserves of iron ore (with over 60% 
iron) at the surface and capable of opencast mining are 
computed at 8000 million tons ; the quantity mined during 
the last five years has ranged from 2-5 to 3 million tons 
annum.—R. A. R. 

The Manganese Ore Deposits of the Jamda-Koira Valley. 
E. Spencer. (Transactions of the Mining, Geological and 
Metallurgical Institute of India, 1948, vol. 44, Oct., pp. 
61-77). In the south-west corner of Singhbhum there are 
very rich and abundant hematite deposits which also contain 
manganiferous areas. This paper records some of the data 
and observations made during the large-scale mapping, 
opening-up, and development of many of the manganese 
deposits.—R. A. R. 

The Chromite Deposits of Nuasahi, Keonjhar State, Eastern 
States Agency, India. S. K. Borooah. (Transactions of the 
Mining, Geological and Metallurgical Institute of India, 
1948, vol. 44, Oct., pp. 79-90). 

Significant Changes in the Known Position of the Mineral 
Resources of South Rhodesia during the Past 20 Years. J. C. 
Ferguson. (Fourth Empire Mining and Metallurgical Congress, 
Great Britain, July, 1949, Paper No. A.B.8). The resources 
of iron ore are large and smelting was started near Que Que 
in 1948. Chromite and tungsten ores are also mined but 
production data are not given.—R. A. R. 

Manganese Deposits in Central and South-Eastern Europe. 
H. Schiele. (Verein deutscher Eisenhiittenleute, 1944, 
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Confidential Report No. 81). The paper describes first the 
eccurrence of manganiferous irons in Germany proper, and 
shows that the old West German suppliers, Siegerlander, 
Geier, and Fernie have remained significant. No relief can be 
expected by re-opening closed mines for many reasons. 
About 165,000 tons of manganese can be expected yearly from 
the present mines of the Sieg-Lahn-Taunus district, and very 
little increase in this figure can be expected. As regards the 
position in Poland, Slovakia, Hungary, Rumania, and 
Bulgaria, it is shown that production varies very consider- 
ably, and in some places is extremely difficult. Tests have 
shown some beneficiation possible, but the practical applica- 
tion and economy of such measures has still to be decided. 

G. W. A. 

Investigation of the Mineral Deposits of the District of 
Bilbao. (Boletin Minero e Industrial, 1949, vol. 28, Aug.—Sept., 
pp. 371-376). [In Spanish]. In the past, there has been no 
adequate unification of data on the high-grade iron ores of 
Vizcaya. Knowledge was obtained as each individual mining 
area was worked and practically nobody had used soundings 
or other scientific means of evaluating the importance and 
location of the mineral deposits. There was no methodical 
and rational plan of exploitation. This article describes the 
organization of the work of investigating this region as a 
whole. The future of the mines of Vizcaya, the necessity of 
developing sintering and of organizing the correct distribu- 
tion of the grades of ore mined, are discussed. A brief descrip- 
tion of preliminary boring is given. In one of its richest 
parts, the ore deposit runs into the suburbs of Bilbao and 
cuts across the rail access to the city where a considerable 
quantity of rich ore has had to be left for tunnel supports. 

R. S. 

Note on the Iron Ore Deposits of Spain. M. Salis Martinez, 
J. de Figueras y Figueras, L. Barron del Real, and E. Charro 
Sanchez. (Boletin Minero e Industrial, 1949, vol. 28, Aug.— 
Sept., pp. 391-403). [In Spanish]. The four main types of 
Spanish iron ore are siderites, oxides, silicates, and pyrites. 
The authors describe the deposits in the various provinces 
and districts, and tables of analyses are given. The importance 
of co-ordination of effort and of methodical exploitation is 
stressed. Data on production, reserves, and number of mines 
are given.—R. S. 

Ore Basis of Ferrous Metallurgy for Thirty Years of Soviet 
Regime. N. A. Yartsev and V. A. Kulibin. (Stal, 1947, vol. 7 
pp. 973-977). [In Russian]. 

The Manganese Silicate Ores at Ofoten. S. Foslie. (Tidsskrift 
for Kjemi, Bergvesen og Metallurgi, 1948, vol. 8, Dec., pp. 
160-163). [In Norwegian]. The geology of the manganese 
ore deposits close to the Ofoten Fjord, their composition, and 
the possibility of using them are discussed.—R. A. R. 

Occurrences of Metallic Ores in the Sio Francisco Mountains, 
Sao Paulo. T. Knecht. (Mineracio e Metalurgia, 1949, vol. 
14, July—Aug., pp. 37-40). [In Portuguese]. Following 
geological studies during the cutting of the Sorocaba—Piedade 
railway, in 1938, a further investigation was made of the 
mineral wealth of the region. This article describes the 
occurrences of cassiterite, wolframite, arsenial pyrites, bismuth 
ores, molybdenite, pyrites, galena, and magnetite.—R. s. 


ORES—MINING AND TREATMENT 


American Flotation Methods for Iron Ore. M. Digre. 
(Tidsskrift for Kjemi, Bergvesen og Metallurgi, 1948, vol. 8 
Sept., pp. 119-120). [In Norwegian]. A short report is 
presented on American methods of concentrating by flotation 
the lean iron ores of Minnesota, Michigan, and Alabama, 
D. W. Scott, A. C. Richardson, and N. Arbiter successfully 
floated silicate minerals a9 a magnetic concentrate using 
laurylaminhydrochloride C,,H,,NH,Cl in a_ basic pulp, 
sodium pyrophosphate being added to activate the silicate 
minerals. De Vaney has patented the use of alkalis and 
alkaline earth sulphides to accelerate the flotation.—R. A. R. 

Sintering and the Use of the Sintered Product in the Blast- 
Furnace. J. T. Tornblad. (Boletin Minero e Industrial, 1949, 
vol. 28, Aug.—Sept., pp. 385-389). [In Spanish]. The process 
of sintering is described in general terms. The influence of 
humidity, proportion of returned fines, and mixture on 
porosity is explained. The essential points discussed are 
thickness of layer, adequate ignition, size, porosity, and 
addition of lime and magnesia. Some comparative costs taken 
from German practice working with and without limestone 
are given, The effect of varying the proportion of sinter in 
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the burden is briefly discussed. Finally, a comparison is 
made between the densities of burdens containing ore only 
and those with 69% sinter.—n. s. 


FUEL—PREPARATION, PROPERTIES, AND USES 


Results Obtained with Automatic Combustion Control. 
J. E. O’Breen. (Journal of the Institute of Fuel, 1949, vol. 22 
Oct., pp. 354-360). After describing, with the aid of diagrams, 
automatic control for (a) large stoker-fired boilers, (b) large 
pulverized-coal-fired boilers, and (c) boilers with spreader 
stokers, the author reviews the experience gained by 21 
operators of steam and power plant, both in Britain and 
abroad, with automatic control equipment. It appears that, 
in most cases, boiler control has a steadying influence on the 
steam pressure and is also advantageous with respect to fuel 
consumption. Experience shows that the minimum increase 
in efficiency resulting from boiler control is 0-5 to 1%, and 
that control gear is reliable without requiring considerable 
maintenance. Answers to a questionnaire indicate that users 
are in favour of automatic control.—Rr. A. R. 

A Novel Design of Burner. D. N. Lyachovski. (Kotlotur- 
bostroenie, 1949, No. 2, pp. 18-22: Engineering and Boiler 
House Review, 1949, vol. 64, Aug., pp. 246-248). Methods 
of producing wide-angle burners to give short flames are 
discussed. The author’s method is based on the consideration 
that the lower the relative pressure of the atmosphere surroun- 
ding the flame exterior as compared with flame interior, the 
greater will be the tendency of the flame to spread out. In 
practice the outer pressure is controlled by throttling the air 
supply to the space between the flame envelope and the front 
wall by placing a ‘ bulge’ round the burner outlet. This is 
achieved by placing a D-section ring, with a mean diameter 
1-5 times that of the burner opening, round the burner ; the 
height of the ‘ bulge’ should be one-fifth of the diameter 
of the burner opening.—R. A. R. 

Importance of Electric Furnaces to Overcome the Lack of 
Coke. J. Pagola. (Metalurgia y Electricidad, 1949, vol. 13, 
Nov., pp. 52-53). [In Spanish]. Examples of the use of 
electricity in Spain because of the shortage of coke are 
given. In Guipuzcoa, iron was being made almost without 
coal. An electric furnace was operating in Lasarte, using 
only 400 kg. of low-grade anthracite and some coke per ingot 
ton. The output was only about 10 tons/day. This furnace 
was referred to at the first meeting of the Spanish Iron and 
Steel Institute. 

Spain has 25 blast-furnaces, 51 open-hearth furnaces, 21 
Willners. and 66 electric furnaces. Only half are in operation. 
Tf all were working, Spain could produce 1-5 million tons which 
would satisfy her requirements. Coke is the main obstacle. 
In spite of efforts to produce a usable mixture from non- 
coking coals and experiments in separation and sintering, 
quantity and quality are both lacking. Thus recourse has 
been had to electric furnaces in spite of power restrictions and 
expensive current. The electric furnace can be used only for 
special steel production until such time as more and c -heaper 
electric power is available.—Rr. E. 

A Graphical Method for Assessing the Relative Suitabilities 
of Coal Washing Processes from Float and Sink and Relevant 
Data. P. J. van der Walt. (Fuel Research Institute of South 
Africa : Journal of the Chemical, Metallurgical and Mining 
Society of South Africa, 1949, vol. 50, Sept., pp. 45-69). The 
problem of predicting practical yield and ash values when 
washing coal in a specified type of washer on the basis of 
(theoretical) float and sink data obtained from laboratory 
tests is discussed. A method of approach is suggested whereby 
the data are presented graphically in such a form that cumu- 
lative yield and ash content, at any specific gravity, are 
expressed as areas.—R. A. R. 

Progress Review No. 2: Coal Preparation. W. Reed. 
(Journal of the Institute of Fuel, 1949, vol. 22, Oct., pp. 365 
368). The author describes the more important changes in 
coal-preparation practice in recent years, including the 
development of the dense-medium process, the introduction 
of the Baum jig, the up-grading of fine coal, and the control 
and testing of preparation plants. Limits of efficiency of 
separation for plants dealing with fine coal are quoted, and 
modern methods of de-watering small coal are dealt with. 
Other matters briefly reviewed include the standardization 
of graded sizes and of coal-grading nomenclature, resonance 
screening, and the price structure.—R. A. R. 
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The Recovery of Coking Coal from Small Coal Produced in 
the Witbank Coal Field. C. C. v. d. Merwe, S. B. Gass, P. A. M. 
Brink, and A. J. Petrick. (Journal of the Chemical, Metallur- 
gical and Mining Society of South Africa, 1949, vol. 50, Oct., 
pp. 73-101). Extensive laboratory tests have been made to 
determine whether fine coal produced in the Witbank coal- 
field can be treated to separate the swelling fraction, leaving 
a fuel acceptable for steam raising. On an average, about 
30% of a swelling fraction can be extracted from the duff by 
washing the coal at a sp.gr. of 1-35. This material, having 
adequate swelling properties and about 5% ash, should 
constitute a very valuable component of blends used for coke 
production. By washing the non-swelling fraction at a sp.gr. 
of 1-58 it should be possible to obtain a fuel having a some- 
what lower ash content than the raw coal, and a calorific 
value not appreciably different. The economic aspects of 
operating such —— on a large scale are dealt with in the 
discussion.—R. A. R. 

The Coking Programme of the Western Zone, the Coke 
Market, and Coke-Oven Gas Supply. K. H. Martin. (Stahl 
und Eisen, 1949, vol. 69, Nov. 10, pp. 839-840). The supply 
and demand for coke and coke-oven gas in Western Germany 
are discussed.—R. A. R. 

Optimum Ratio between Coking Gas-Blast-Furnace Gas 
and Gas-Air Mixtures. B. E. Katsov. (Stal, 1947, vol. 7, 
pp- 1083-1089 [in Russian]: Chemical Abstracts, 1949, vol. 
43, June 25, cols. 4612-4613). The air-gas ratio (a) was 
determined first in experimental heats and then tested on 
actual open-hearth furnace runs. « was varied according to 
the heat requirement of the furnace, depending on the stage 
of the run : charging, heating-up, melting, and refining. The 
volume of air supplied was such as to ensure a predetermined 
volume of oxygen and carbon monoxide in the combustion 
gases. It was intended to reduce the carbon monoxide to 
zero or near it. This did not succeed even with « = 1-30, in 
which case the carbon monoxide = 0-4%. Raising « to 
1-38 was inadvisable, since the melt cooled perceptibly. 
Considering the optimum oxygen content in the combustion 
gases to be 2-3%, « in the four stages of a run, charging, 
heating-up (addition of hot metal), melting. and refining, 
would be 1-22, 1-27, 1-35, and 1-28 respectively. The opti- 
mum coking-gas/blast-furnace gas ratio was studied from 
three points of departure : (A) A fixed volume of blast-furnace 
gas 5000 cu. m./hr. and variable volume of coke-oven gas 
depending on the predetermined heat requirement for each 


of the four stages of a run; (B) a constant total volume of 


gas 7500-8000 cu. m./hr. and the ratio of the gases varied to 
meet the heat requirement for each of the four periods ; 
and (C) a fixed composition having a calorific value of 2300 cal. 
cu. m. and variable volume of this composition in accordance 
with the heat-treatment. Of the three procedures (C) had to 
be eliminated, since it caused overheating of the roof during 
the refining period and the calorific value of the gas was reduced 
by diluting it with blast-furnace gas. Of the remaining 
procedures (B) was more favourable since it} consumed less 
fuel (190 kg. of theoretical fuel per ton of metal) than (A) 
which required 201 kg./ton. This is ascribed partly to a better 
spread of the flame by this method. These data were obtained 
for one particular open-hearth and conceivably will differ 
from plant to plant and shop to shop. 

Blast-Furnace Gas Cleaning —Methods for Calculating the 
Motions of Particles in a Gas. J. Stringer. (Journal of The 
Iron and Steel Institute, 1950, vol. 164, Mar., pp. 294-304). 
Curves are given by means of which many problems concern- 
ing the behaviour of particles in a gas stream may be solved, 
at least in part. Of particular advantage in the analysis of 
tests on blast-furnace gas-cleaning plant, is a nomogram by 
means of which measurements of particle free-falling speeds 
may be extrapolated to give the terminal velocity under 
the conditions existing within the plant. It is considered that 
this will give much more accurate results than those obtained 
by the usual method of applying Stokes’ law and extrapolating 
far beyond its limit of validity. 

Blast-Furnace Gas Cleaning An Analysis of Plant Perfor- 
mance. R. F. Jennings. (Journal of The Iron and Steel Insti- 
tute, 1950, vol. 164, Mar., pp. 305-325). The operation of 
cleaning plant for blast-furnace gas is surveyed from an 
engineering standpoint. A very clean gas can be obtained by 
present-day systems of cleaning, but the consumption of 
mechanical power and water, the loss of gas pressure, and the 
large space requirements involved, might well be substantially 
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reduced. Principles of operation are described and discussed, 
and possible lines of improving separating power and mech- 
anical efficiency are suggested. Attention is drawn to the 
lack of data on this subject, particularly on water-spray 
systems and the behaviour and nature of blast-furnace dust. 
No attempt is made to assess detailed costs. 

Open-Hearth Steelworks with Separate Groups of Gas 
Producers for Each Furnace, and Other Useful Process Equip- 
ment. G. Neumann and O. Weber. (Stahl und Eisen, 1949, 
vol. 69, Oct. 13, pp. 731-734). Details are given of some 
unusual forms of equipment at a German steelworks, the main 
features of which are: (1) The system of pipes and valves 
connecting the gas producers to the open-hearth furnaces 
which perinits the independent operation of each furnace, a 
check on the coal consumptions to be made, a premium on 
production to be paid to the stoker, and gas mains to be 
cleaned without interrupting production ; (2) waste heat and 
the cooling-water heat are utilized ; (3) transport and storage 
of coal are improved; and (4) an improved design of bifur- 
cated pouring spout which can be tilted to fill one ladle, or two 
ladles simultaneously.—-R. A. R. 


TEMPERATURE MEASUREMENT AND CONTROL 


Temperature and Flame Measurements in the Bessemer 
Process. G. Gille and J. Willems. (Stahl und Eisen, 1949, 
vol. 69, Oct. 27, pp. 759-762). The temperature of the bath 
during the blow of a Bessemer converter has been followed 
by a total radiation pyrometer attached to the upper end of 
a 50-60-mm. steel tube sloping downwards through the con- 
verter wall ; the tube was kept clear by air drawn from the 
blast pipe to the converter bottom. With initially cold baths 
the temperature remained constant at 1500° C. for some time. 
Initial temperatures below 1200° C. led to considerable 
ejection. A curve is shown for the relation between the 
temperature and the Pj» coefficient (the phosphorus content 
of the melt when the slag contained 10% of iron) ; this enables 
the temperature of the melt to be calculated from a subse- 
quent analysis. Simultaneous determinations of the bath 
temperature and the radiation of the converter flame showed 
a relation between the temperature of the melt at maximum 
flame radiation and the final temperature.—R. A. R. 

Instrumentation of Open Hearth Furnaces. R. Haynes. 
(Instrument Practice, 1949, vol. 4, Nov., pp. 22-24). Systems 
of control for open-hearth furnaces are Peed and four 
types of control, namely, two-step or on-off control, propor- 
tional control, floating control, and derivative control are 
explained. Finally, the principles applied in the control of 
roof temperature, air/fuel ratio, furnace pressure, and reversal 
time are outlined.—R. A. R. 

A New and More Accurate Method of Measuring the Casting 
Temperatures of Metals. Z. Ryska. (Hutnické Listy, 1949, 
vol. 4, Sept., pp. 273-276). [In Czech]. At present optical 
pyrometers are mainly used for determination of temperatures 
of molten metals and the errors are relatively large. Thermo- 
couples give more accurate results, but these have a large 
time lag and the platinum/platinum-rhodium couples age 
relatively rapidly if used for temperatures above 1200° C. 
The new temperature measurement device utilizes the effect 
of infra-red radiation of waves longer than 7600 A on a special 
electronic valve which is very sensitive to these wavelengths. 
It has a detecting element, and the controls and the indicat- 
ing instrument are housed in one case. Optical and acoustical 
signals can be set to operate immediately a certain temperature 
is reached. The thermal and mechanical time lag is entirely 
eliminated by this method. For po gtr gan of about 
1500° C. the accuracy is within 0-5°4 and accuracies of 

+ 2° C. and less can be obtained by soe ial measures. The 
scale gives direct readings in Centigrade. The instrument is 
suitable for accurate and instantaneous temperature measure- 
ments during casting of metals, and for determining critical 
points and the Curie point of ferromagnetic metals and alloys. 

E. G. 

An Introduction to Foundry Pyrometry. R. G. Ackland. 
(Proceedings of the Institute of Australian Foundrymen, 
1944-1947, vol. 4, pp. 265-275). The principles of thermo- 
couple and optical pyrometers are explained and some 
instruments for foundry use are deseribed.—R. A, R. 

REFRACTORY MATERIALS 
Refractories Research in the Open-Hearth Steel Industry. 


(British Iron and Steel Research Association: Engineer, 
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1950, vol. 189, Feb. 10, pp. 168-170). The advantages and 
disadvantages of the ‘all-basic’ open-hearth furnace are 
critically examined. A sea-water magnesia of very low lime 
content has been developed which is as good as the imported 
natural magnesite. The Radex design of spring-loaded 
skewback channel to take up the expansion and contraction 
of the basic brick roof, and the Detrick method of radial 
suspension with some further improvements are described. 
The present position of research on open-hearth roof refrac- 
tories is reviewed.—R. A. R. 

Physical-Chemical Study of Some Spanish Talcs and Steatic 
Ceramic Masses. V. Aleixandre and D. A. Estrada. (Anales 
de la Real Sociedad Espajiola de Fisica y Quimica,. B, 1949, 
vol. 45, July—Aug., pp. 1075-1104). [In Spanish]. In dehy- 
dration, the grain-size affects the temperature at which the 
water of hydration is released. According to thermal analysis 
up to 800° C., tale undergoes no variation in the crystalline 
structure. Between 800° and 900° C., it loses a molecule of 
water, and, at a higher temperature, it is transformed to 
proto-enstatite and subsequently to clino-enstatite, changing 
the free silica to cristobalite and terminating all transforma- 
tions at 1450° C. This process is slowed down if substances 
favouring vitrification are added. The dielectric loss of the 

tales is usually a minimum in the frequency range 20 to 30 
megacycles, Isec.—R. S. 

Silicates of the Montmorillonite-Beidellite Isomorphous 
Series. E. Gutiérrez Rios and F. Gonzalez Garcia. (Anales 
de la Real Sociedad Espajiola de Fisica y Quimica, B, 1949, 
vol. 45, July—Aug., pp. 1047-1066). [In Spanish]. The sili- 
eates of Spanish Morrocan bentonite belong to the mont- 
morillonite—beidellite series. Six of the 17 samples studied 
show maximum replacement of Si?+ by Al*+ foreseen by Ross 
and Hendricks, of which so far there were no known repre- 
sentatives. The name beidellite corresponds to that part 
of the series richest in aluminium. One of the samples studied 
was formed of mixed sheets of chlorites and silicates.—Rr. s. 

Influence of the pH Value on the Exchange Capacity of Cations 
of Montmorillonite and Kaolinite. F. Gonz:ilez Garcia. (Anales 
de la Real Sociedad Espafiola de Fisica y Quimica, B, 1949, 
vol. 45, July—Aug., pp. 1067-1074). [In Spanish]. Five 


bentonites, two kaolinites and three kaolinitic clays were 
studied. In the bentonite and kaoline samples, the exchange 


capacity is practically constant, whilst in the kaolinitic clays 
the value of the exchange capacity increases with increasing 
pH value. Thus, both silicate groups act as moderately 
strong acids, since, from pH 5, they are practically neutralized, 
whilst the clays behave as very weak acids.—Rk. s. 

Standardization Work on ered Materials. V. Zaivesky. 
(Hutnické Listy, 1949, vol. 4, June, p. 191). [In Czech]. The 
Czech specifications for jolbatiotion are one revised, and 
this paper reports the present position regarding this work. 

E. G. 

The Influence of Chemical Composition on the Properties of 
Magnesite and Chrome-Magnesite Refractories. C. Booth. 
(Transactions of the British Ceramic Society, 1950, vol. 49, 
Feb., pp. 58-79). The influence of chemical composition on 
the temperature of melt formation in magnesite bricks having 
a molecular lime/silica ratio of less than 2-0 has been studied. 
Similar observations have been made on chrome-magnesite 
bricks. The results have been combined into a number of 
isothermal diagrams according to the accepted phase relation- 
ships. From the calculated mineralogical constitution the 
temperature of melt formation in any magnesite brick within 
the range covered can thus be determined. It has been shown 
that knowledge of the temperature of liquid formation can be 
applied to a number of problems which occur in manufacture 
and use, and that : (1) Knowledge of the temperature of liquid 
formation enables the brickmaker to determine the optimum 
burning temperature for his products. (2) The refractoriness- 
under-load properties of both magnesite and chrome-magnesite 
bricks are closely related to the temperature at which liquid 
is formed and can thus be predicted. (3) Information regarding 
the temperature of liquid formation and the quantity of 
liquid produced is of considerable importance in predicting 
degree of slag resistance. 

Heat Treatment and Contraction of a Fireclay. J. F. Hyslop 
and J. Gworek. (Transactions of the British Ceramic Soe iety, 
1950, vol. 49, Feb., pp. 80-82). Heating a dehydrated, 
oxidized Scottish fireclay to equilibrium gives two contraction 
periods connected with major changes in the constitution 
of the clay. The first, at 850° C., is due to the formation of 
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y-Al,O, and the second, at 1000° C., is associated with the 
formation of mullite. There are three distinct fields, metakaolin 
up to 800° C., yAl,0, from 850° to 950° C., and mullite from 
1000° C. upwards. The main derived contraction curve is a 
composite one from the curves for metakaolin, yAl,O;, and 
mullite. 

Differential Thermal Analysis of Some Brazilian Clays. 
L. Barzaghi and J. S. Nogami. (Mineracéo e Metalurgia, 
1949, vol. 14, July—Aug., pp. 60-64.) [In Portuguese]. A 
simple apparatus for the differential thermal analysis of 
clays is described. Curves obtained from tests of kaolins and 
clays from the State of Sio Paulo are given.—R. s. 

Progress Review No. 1: The Properties of Refractories. 
A. E. Dodd. (Journal of the Institute of Fuel, 1949, vol. 22 
Oct., pp. 361-364). The author begins with a survey of recent 
research into creep of fireclay products and basic refractories, 
and then considers the properties of silica and magnesite 
bricks. Chrome refractories are dealt with next and details 
are given of the intensive studies by the British Ceramic 
Research Association of the growth of chrome-magnesite 
bricks when exposed to reducing gases or ferruginous slags. 
Other materials mentioned are silicon carbide and special 
refractories such as aluminia, zirconia, and beryllia.—R. A. R. 

The Life of Refractory Bricks for Open-Hearth Furnace 
Ladles. M. Barezi. (Banyiszati és Kohiszati Lapok, 1949, 
vol. 4, Sept., pp. 397-398). [In Hungarian]. Fluctuations in 
the life of ladle linings in a Hungarian steel foundry led to an 
investigation of its causes. The life was 10-12 heats in the 
years 1934-1941; it was increased to 14-15 by using better 
bricks, but in 1947 it decreased considerably. A jet of water 
was supplied to cool the red hot lining. The author concludes 
that the hardness of the bricks is of greater importance than 
their temperature resistance, that semi-acid bricks are better 
than firebricks, that the dimensions of the bricks should be 
carefully controlled, and that more care is needed during 
transport. The strong corrosive action of the slag can be 
reduced by pouring off slag at suitable intervals ; the lining 
should not be subjected to sudden temperature changes by 
cooling it with a jet of water.—r. G. 

Some Aspects of the Use of Refractory Materials. F. H. 
Clews and A. T. Green. (Fourth Empire Mining and Metal- 


lurgical Congress, Great Britain, July, 1949, Paper No 
H.1.8). Developments in the use of refractories for the pro 


duction of steel, copper, zinc, coke, and town gas are reviewed. 
It appears unlikely that well-converted silica bricks of 


really low porosity could ever be produced in one firing 
operation. The additional service obtained would have to be 


appreciable to offset the undoubted extra cost of a second 
firing. There are 59 references.—R. A. R. 


BLAST-FURNACE PRACTICE AND 
PRODUCTION OF PIG IRON 


Development of Pig-Iron Production during ‘Re Years 
of Soviet Regime. M. A. Pavloff. (Stal, 1947, vol. 7, pp. 983 
986). [In Russian]. 

New Construction of Blast-Furnace Hearth. I. G. Polo 
chenko and I. D. Semikin. (Stal, 1947, vol. 7, pp. 1067-1074 
[in Russian]: Chemical Abstracts, 1949, vol. 43, June 25. 
col. 4612). To increase the resistance of the hearth to break- 
through of molten metal, to prolong the life of hearth bottom 
and furnace foundation, and to extend the furnace campaign, 
the authors suggest that the hearth be built with a solid 
armour-plate slab under the hearth bottom and that the 
bottom be cooled with cooling plates. 

New Construction of Blast-Furnace Hearth. A. F. Shein- 
berg. (Stal, 1947, vol. 7, pp. 1075-1080 [in Russian] : Chemi- 
cal Abstracts, 1949, vol. 43, June 25, col. 4612). The views of 
Polovchenko and Semikin (see preceding abstract) are chal- 
lenged. For long life of the hearth it is suggested that a 
rammed hearth bottom be built of refractory materials 
having a low deformation modulus and a low temperature 
coefficient of linear expansion e.g., 0-03-0-05. 

Construction of Blast-Furnace Hearth. N. K. Leonidov. 
(Stal, 1947, vol. 7, pp. 1081-1082 [in Russian]: Chemical 
Abstracts, 1949, vol. 43, June 25, col. 4612). Cooling the 
hearth bottom is inadvisable, since it does not protect the 
upper layers of the bottom. It is also dangerous since burning 
out of the cooling plates may cause rapid destruction of the 
foundation. 
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Critical Investigation of the Heat Economy and the Metal- 
lurgical (Chemical) Processes for Production of Iron from 
Ores. L. Visnyovsky. (Banyaszati és Kohaszati Lapok, 1949, 
vol. 4, Aug., pp. 342-349, Sept., pp. 381-387). [In Hungar- 
ian]. The processes used for producing iron from ores are 
briefly described and their economy is critically investigated. 
The author deals with the Hégenias, Kalling, Wiberg, Norsk- 
Staal, Krupp-Renn, Basset, and De Vecchis processes as 
well as the standard blast-furnace, the electrical blast- 
furnace, high top-pressure operation, and the Arata 


process. The emphasis is on the utilization of low-grade 


Hungarian iron ores, bauxite, and red mud for production of 


iron with low-grade coke. Most of the processes examined are 
unsuitable for Hungarian requirements. The Arata process is 
suitable for direct production of steel from ore fines using 
ferrosilicon and aluminium as reducing agents in an electric 
furnace. The steel obtained has an iron content of up to 
99-6%, with carbon 0-008%, silicon 0-005%, phosphorus 
(). 002%, and sulphur 0-010%. The production of an electric 
steel of equal quality by other methods is about 25% more 
expensive under Italian conditions, and the process is worth 
consideration for producing special types of steel, e.g., for 
transformer sheets. Oxygen-enriched blasts would be advan- 
tageous in Hungary, particularly for the production of ferro- 
manganese. Electric heating is worth consideration only for 
ferromanganese production. Increased top pressure in the 
blast-furnace is recommended. The author concludes that 
Hungarian low-grade iron ore and bauxite are suitable as 
components for slag formation, but their iron content is too 
low, and it will be necessary to develop suitable concentration 
processes before these can be used.—. G. 

Zinc in the Blast-Furnace. E. Mazanek. (Stal, 1947, No. 1, 
p. 19: Stahl und Eisen, 1949, vol. 69, Oct. 27, pp. 772-773). 
An ore containing 1-47% of zine has been smelted in a Russian 
blast-furnace from 1935 to 1945 and the distribution of zine 
in the brickwork and the gas at different levels in the shaft 
has been investigated. The results showed that some zinc 
circulated in the shaft and that this proportion increased 
with low gas temperature at the throat of the furnace. Thus 
high throat temperatures (250-300° C.) and hot driving 
prevented the precipitation of zinc and zinc oxide on the 
shaft lining.—Rr. A. R. ° 

TREATMENT AND USE OF SLAGS 

Iron Blast- ee Slag—-Production, Processing, Proper- 
ties, and Uses. W. Josephson, F. Sillers, jun., and D. G. 
Runner. oied States Bureau of Mines, 1949, Bulletin 479) 
This book of 300 odd pages was compiled from data collected 
by a committee of the National Slag Association. Its eight 
chapters deal with the following aspects of blast-furnace 
slag : (I) History and development ; (II) production and pro- 
cessing; (III) chemical and mineralogical composition ; 
(IV) physical properties ; (V) slag as aggregate for portland- 
cement concrete ; (VI) slag as aggregate for flexible-pavement 
basis and surfaces ; (VII) chemical and ceramic uses of slag ; 
and (VIII) railway ballast, roofing, and other uses. There 
are four appendices, 111 illustrations, and a_ bibliography 
with 554 references.—R. A. R. 

The Production on the Sinter Belt of Pumice-Like Material 
for Light Concrete. H. Kutzim. (Stahl und Eisen, 1949, vol. 
39, Oct. 27, pp. 767-772). A process is described which has 
heen developed in Germany for producing a light and porous 
addition agent for mixing with cement to make light concrete. 
The raw materials used include crushed and ground blast- 
furnace slag, washed coal tailings, old foundry sand, boiler 
ash, and crushed rubble from bombed buildings. The addition 
material is made by sintering a mixture of the washed coal 
tailings and ground slag or other material and crushing the 
product.—-R. A. R. 


PRODUCTION OF STEEL 


Our Iron and Steel Industry To-Day and To-Morrow 
Thoughts on Practice and Research. I’. Harders. (Stahl und 
Kisen, 1949, vol. 69, Nov. 10, pp. 800-809). The following 
aspects of the problems confronting the German iron and steel 
industry are reviewed : (1) Production as a human and social 
problem ; (2) production as a task for investment and 
organization ; and (3) increasing the capacity of existing 
plant and improving the quality of products. The lines on 
which research is proceeding with the object of improving 
conventional iron and steel making processes are reviewed 
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and the probable direction of future research is pointed out. 
R. A. R. 

Future Trends in the British Iron and Steel Industry. Sir 
Charles Goodeve. (Fourth Empire Mining and Metallurgical 
Congress, Great Britain, July, 1949, Paper No. H.I.6). The 
making of iron and steel in Great Britain is under continuous 
development and an outline is given of some of the important 
trends, consideration being restricted to matters concerning 
sources and preparation of ores, iron and steel making pro- 
cesses, steel casting, and the use of alloying elements.—R. A. R. 

Steelmaking in U.S.S.R. from 1917 to 1947. L. M. Girshman. 
(Stal, 1947, vol. 7, pp. 986-993). [In Russian]. 

Observations of the Course of the Reaction towards the End 
of the Blow with the Aid of Temperature and Flame Measure- 
ments. J. Willems, G. Gille, and H. Héfges. (Stahl und 
Eisen, 1949, vol. 69, Oct. 27, pp. 762-764). Observations and 
deductions regarding the Bessemer process have been made 
from temperature measurements taken with equipment 
described by Gille and Willems (see Journ. J. and 8.1., 1950. 
vol. 165, May, p. 105). Increasing the temperature increases 
the iron lost by combustion and decreases the movement of 
phosphorus into the slag ; this must be borne in mind when 
deciding by using radiation measurements when to stop the 
blow. The time of maximum radiation is affected by both the 
bath temperature and the phosphorus content. Temperature 
and flame radiation measurements form a practical means of 
determining when to stop the blow.—n. A. R. 

Deoxidation with Ferroaluminium in Basic-Bessemer 
Steelworks. J. Klarding and A. Meyer. (Verein deutscher 
Kisenhiittenleute, 1944, Confidential Report No. 61). Experi- 
ments on the application of aluminium in the form of low- 
carbon alloys, or as an aluminium pig iron or Spiegel, to save 
manganese, are described. The usually necessary requirements 
of manganese can be appreciably reduced by preliminary 
deoxidation of the steel bath. Since the preliminary deoxida- 
tion of steel is only possible with such deoxidizers as zine in 
the bath, appropriate deoxidizers were developed with 
aluminium contents limited by specific gravity. The saving 
of manganese was tested by the use of iron—aluminium alloys 
in a large number of melts. Further tests are planned to show 
how far the minimum manganese content of rimming steels 
can be attained.—c. w. A. 

Investigation to Improve the Life of Basic-Bessemer Con- 
verter Bottoms. E. Herzog, G. Naeser, and H. Grewe. (Verein 
deutscher Eisenhiittenleute, 1944, Confidential Report No. 
82). Through wartime difficulties, consequent on lack of 
uniformity in dolomite and tar, as well as untrained labour, 
the life of bottoms decreased at certain works to an unaccept- 
able extent. The consequent recession in output necessitated 
the removal of these deficiencies. The results of a co-operative 
investigation on the suitability of various dolomites and tars 
are given in the three contributions which deal with opera- 
tions in the dolomite plant, dolomites and tars, and tests to 
determine the life of bottoms and bricks.—c. w. A. 

Thermodynamic Aspects of Steelmaking. F. D. Richardson. 
(British Science News, 1949, vol. 2, No. 24, pp. 377-380). The 
metal and slag solutions and the elimination of carbon from 
the open-hearth are considered. It has been noted that an 
enormous drop in the theoretical equilibrium oxygen pressure 
exists across the slag layer. At the slag—-metal interface the 
pressure cannot be more than 5 10~-° atm., which is the 
value in equilibrium with ferrous oxide. At the gas—metal 
interface it varies according to the manner in which air and 
fuel are burned together. Iron oxides in the slag are oxidized 
to the ferric state at the gas interface and are reduced to the 
ferrous state at the metal surface : the slag, as it is stirred by 
the rising = bubbles is thus able to carry oxygen from gas 
to metal.—R. A. R. 

Ghavneteialis Coefficients of German Open-Hearth Furnaces. 
K. Guthmann. (Verein deutscher Eisenhiittenleute, 1944, 
Confidential Report No. 68). A very complete analysis is 
made of replies to a questionnaire completed for every open- 
hearth furnace in Germany (including Czechoslovakia and 
Poland). Considerably more than 15,000 figures were 
considered. The questionnaire was expressly limited 
to the leading characteristics grouped under (1) operating 
data, (2) heat consumption, and (3) charge and reagents. 
The analysis gave not only an indication of the general 
production level of the furnaces, but enabled productions 
to be compared in the light of local operating conditions. 
Numerous factors tending to increase or decrease output were 
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established and their relation to methods of heating and the 
charge composition are shown graphically. 

Standards were set up for the relations between bath sur- 
face, bath weight, hourly production, specific surface pro- 
duction, mean bath depth, heat absorption, heat consump- 
tion, and hearth surface heat absorption, and from these an 
opinion can be formed on output and heat consumption for 
various furnace dimensions, and the three types of gas, 
producer gas, coke-oven gas, and two-component and three- 
component gas mixtures for cold and molten charges. 

From the curve for potential capacity, furnaces with fully 
loaded hearths showed very good outputs. Furnaces operating 
at 30° under full load were brought to the appropriate charge 
weight, and then showed an improvement in output of 20% 
and more. Liquid charges (from 10°4 up to about 40% 
molten metal) increased the hourly output on the average 
by 10-12%. Higher proportions of liquid metal (over 50°) 
gave an appreciably greater increase. On exceeding a definite 
optimum mean bath depth, the output decreases. The mean 
bath depth can be increased without reducing output by 
increasing the porportion of liquid charge or by carburetting 
a cold gas. Carburetting a cold gas gave a mean increase of 
output of 12%. Additions of 20% coke-oven gas to producer 
gas during the melting period increased the output by 12% 
with cold charges and 16% with liquid charges. 

A high heat absorption per unit area of hearth effects an 
increase in output, provided the hearth is adequately loaded 
and combustion, draught, and pressure are correct, otherwise 
the specific heat consumption exceeds the mean.—c. wW. A. 

The Importance of the Technical Indices in the Assessment 
of Processes (Open-Hearth Steelworks). F. Wesemann. 
(Stahl und Eisen, 1949, vol. 69, Oct. 13, pp. 727-730). It is 
shown how to use a combination of technical indices and cost 
data to study the effic righ of the process of making. steel in 
open-hearth furnaces.-—R. R. 

Open Hearth Furnace iaesion. H. C. Wood. (Engineer, 
1949, vol. 188, Dec. 23, pp. 724-726 ; Dec. 30, pp. 756-757). 
A short outline of the development of open-hearth charging 
machines 
modern machines. All four types, namely, the low ground 
revolving and non-revolving machines, the high ground 
machine, and the overhead revolving machine, are in service 
today in Great Britain. A 40-ton open-hearth furnace with a 
removable roof section is briefly described and details are 
given of a proposed design of large open-hearth furnace 
arranged for top-charging by skips 12 ft. wide, 10 ft. long. and 
5 ft. deep which would carry an estimated weight of 30 tons 
of scrap metal.—Rr. A. R. 

Slag Control in the Basic Open Hearth Furnace. G. KR. 
Bashforth. (British Steelmaker, 1949, vol. 15, Oct., pp. 489-— 
494; Nov., pp. 539-542). The constitution of open-hearth 
slags, their function, slag-metal reactions, and slag control 
are discussed. Slags formed in the early stages of the heat are 
dibasic in character, whereas the finishing slags are normally 
tribasic. The early formation of an efficient slag of minimurn 
volume is most important. This can be achieved in two ways : 
(1) By adding sufficient lime with the charge to satisfy the 
acid products of the melt, and then feeding additional lime 
as refining proceeds ; or (2) by calculating the total amount 
of lime necessary to refine the raw materials, and charging 
all of it with the other raw materials. The second method 
results in : (a) A lower total lime consumption ; (6) a consider- 
ably higher rate of produc tion ; (c) a reduction in fettling time ; 
(d) a higher metallic yield ; and (e) a reduction in complaints 
from the rolling and other manipulating departments.——-R. A. R. 

Repair of the Lining of Furnaces with a Thin Layer of a 
Pulverized and Wetted Refractory Aggregate Applied to the 
Surface by Pneumatic Tools. B. V. Kacenelenbogen. (Hut- 
nické Listy, 1949, vol. 4, Sept., pp. 297-299). [In Czech]. The 
application of pneumatic tools for repairing the refractory 
linings with a layer of a pulverized and wetted refractory 
material presents a number of advantages. It can be used 
for repairing the vertical walls, the roof, and the bottom while 
these are hot. For repairing a Dinas lining of an open-hearth 
furnace an aggregate of the following composition is used in 
Russia: crushed dinas and quartzite 80-90% and _ fireclay 
10-20% ; waterglass solution (density 18—-19° Bé) is also 
added (2-39 of the volume of the added water). For repair- 
ing the linings of coke ovens an aggregate of the following 
composition is used: Crushed dinas 75%), refractory clay 
25%, waterglass 2° of the volume of the added water ; the 
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moisture content is 11-12%. The time required for repairing 
an oven is 10-15 min. (instead of 1-2 hr. by hand). The 
interval between repairs is, on the average, 50 days. A Soviet- 
produced pneumatic repair gun is also described.—®. G. 

The Slag Reduction Process in the Open-Hearth Furnace. 
E. Voogdt. (Stahl und Eisen, 1949, vol. 69, Nov. 10, pp. 
843-844). An example is given of the working of a 168-ton 
heat by the scrap-carbon process recently described by 
R. Hennecke (see Journ. I. and 8.1., 1949, vol. 163, Oct., p. 
222). 

The Electro-Metallurgical Industry and Rapid Methods of 
Dephosphorization of Steels by Solid Slags. M. Girod. (Instituto 
del Hierro y del Acero, 1948, vol. 1, Oct.—Dec., pp. 47-49). 
[In Spanish]. The author traces the development of the 
electro-metallurgical industry in France from the manufac 
ture of ferro-alloys in 1895-1900. The development of the 
electric furnace for making sponge iron, the low-shaft furnace, 
and the electric steelmaking furnace is surveyed. 

After reviewing the historical development of rapid refining 
processes by means of liquid or solid slags he describes his 
patented processes for obtaining high-quality steel. After 
deslagging basic-Bessemer steel a second slag is added and 
reduces the phosphorus to 0.020%. The steel is then poured 
into a ladle containing a molten deoxidizing and desulphur- 
izing, silica—lime-alumina slag from a carbon-lined electric 
furnace. Whilst this slag is being melted, the reducing 
elements are obtained by adding their oxides to the furnace. 
A further improvement to basic-Bessemer steel is obtained hy 
duplexing. This steel can be economically dephosphorizc 
by pouring it into a ladle containing layers of solid, pre- 
heated, oxidizing, lime/ferrous-oxide slag which melts rapidly 
and can be easily brought to the surface and taken off hy 
tilting the ladle.—r. s. 

Treatment of Steels by Molten Synthetic Slags. KR. Perrin. 
(Instituto del Hierro y del Acero, 1949, vol. 2, Jan.—Mar., 
pp. 5-11). [In Spanish]. The author surveys briefly the appli- 
cations of the Perrin processes to dephosphorization, deoxida- 
tion, and desulphurization of steel. The process is described 
in relation to electric, open-hearth, and basic-Besseme1 
steelmaking, and the results normally obtained in various 
works are stated. Liquid slag treatments have been used in 
the production of 0-039, carbon ferro-alloys, especially 
high-grade ferrochromium. Stainless steel (18/8) with 0-03°, 
of carbon, resistant to intergranular corrosion, without addi- 
tions of _—— and niobium has been made by the Perrin 
process.-—R. 

The Present Position of High-Speed Metallurgical Processes. 
A. Portevin. (Revue Technique Luxembourgeoise, 1949. 
vol. 41, Oct.—Dec., pp. 203-211). The Ugine-Perrin process 
and its developments are discussed. After reviewing some 
applications of the process at the Forges et Aciéries du Nord 
et de ’Est and at the Tata Iron Co. in India, some advances 
made at the Ugine works are described. New slags wer 
developed in 1938 and mild steels with very low sulphur con 
tents obtained. Nowadays the Ugine-Perrin process competes 
with the open-hearth process in the production not only 
special steels but of plain carbon steels. Ferro-alloys hav 
also been produced by this process.—R. F. F. 

Gaseous Oxygen in Iron and Steel Production. D. J. 0. 
Brandt. (United Nations Scientific Conference on the Con- 
servation and Utilisation of Resources: Metal Treatment 
and Drop Forging, 1949, vol. 16, Autumn Issue, pp. 149-152) 
The production of medium-purity gaseous oxygen and its 
uses in the open-hearth and electric furnaces, the Besseme: 
converter, and the blast-furnace for making iron and ferro- 
alloys are reviewed. A modern plant making 80 to 100 tous 
of 90-95% purity oxygen in 24 hr. will require about 14 kWh. 
per 1000 & u. ft. If the oxygen blown into the bath is replace 
by air, the efficiency is reduced not to a fifth of the original, 
but to barely less than half owing to the stirring action ot 
the bubbles.—Rr. A. R. 

Precision Alloys in the Soviet Union. (Attainments during 
the last 30 Years). V. S. Mes’kin. (Stal, 1947, vol. 7, pp. 
1012-1020 [in Russian] : Chemical Abstrac ‘ts, 1949, vol. 4 
June 25, col. 4614). The production of magnetic and othe: 
special-property alloys from 1917 to 1947 is reviewed. 


Smelting Acid-Proof Steel EYaIT in a Thirty-Ton Electric 


Furnace. Ya. P. ew V. Ya. Gol’dman and Z. M. 
Ratner. (Stal, 1947, vol. 2 PP. 896-902 [in Russian] : Chemi- 
cal Abstracts, 1949, cori June 25, col. 4581). Stainless 
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charge of either malleable iron or malleable iron plus rejects 
from previous runs. For good results the proven charging 
schedule (given in detail) must be followed. The slag should 
contain chromium ore and the electrodes should be carefully 
spaced. The submitted procedure enables a charge of 40-45%, 
rejects to be used ; 95-96% of the chromium in the rejects 
was recovered in the alloy. 

New Methods in the Construction of the Melting Plant of 
an Alloy Steelworks. F. Leitner. (Verein deutscher Eisenhiit- 
tenleute, 1944, Confidential Report No. 58). After an intro- 
ductory description of recently installed are furnaces and 
the constructional improvements incorporated in them, the 
considerations governing the design of the new arc furnaces, 
and the steelworks and yard layouts which arose during the 
planning of a new alloy steelworks are sketched. Of the con- 
structional novelties, the tilting gear, coverings for the pit 
near the furnace, the position and shape of the frame carrying 
the electrode regulator, and the roof lifter are dealt with in 
detail. In the description of a steelworks electric melting plant 
now under construction, new features in the arrangement of 
bays and the provision of preliminary melting plant are 
described. The metallurgical basis for the setting up of slag 
melting and preliminary melting furnaces is given. The new 
plant is part of an integrated a a description of which 
will be published later.—c. w. 

More Electric Steel by Means of the Duplex Process : Small 
Acid-Converter/Arec Furnace. E. Holweg. (Verein deutscher 
Eisenhiittenleute, 1944, Confidential R eport No. 71). An 
increase in the output of electric steel is possible without 
having to increase the electric furnace plant or the electrode 
production by blowing in small converters and refining in 
are furnaces. Desulphurization and dephosphorizing are 
carried out by the double carbonate treatment (fused lime- 
stone and soda) in the ladle between the melting appliances 
and the electric furnaces. The plant costs for the converter 
equipment are only a fraction of those which would have to 
be spent for additional electric furnaces. A plant is proposed 
comprising two cupolas with an output of 6 to 8 tons/hr., 
two converters with replaceable 3-ton vessels, numerous 
ladles, and two 3-ton are furnaces. The production costs of 
the duplex steel will be lower than those of steel made from 
cold charges. In a steel foundry attached to such a plant, 
mass production can be assured by the reduction in the time 
between tappings.—c. w. A. 

The Solidification of Steel in Continuous Casting. H. 
Krainer and B. Tarmann. (Stahl und Eisen, 1949, vol. 69, 
Nov. 10, pp. 813-819). The conditions governing the design 
of a water-cooled mould for the continuous casting of steel 
were worked out and compared with those applicable to non- 
ferrous metals. The following data for the continuous casting 
of steel rounds 80 mm. (3} in.) in dia. were determined : 
(a) The rate of heat transfer between steel and water-cooled 
mould does not exceed 1500 kg.cal./sq. m./hr./1° C.; (b) the 
rate of heat transfer from mould to cooling water should 
exceed 20,000 kg.cal./sq. m./hr./1° C.; (c) for every kilo- 
gramme of steel poured into the mould 85-100 kg.cal. have 
to be removed ; (d) the above bars can be cast at a speed of 
1-2-2-0 m./min.; (e) to be economic several continuous 
casting units would have to be supplied by one furnace ; 
(f) the metallographic structure of the bar is similar to that 
of a chill-cast ingot of slightly smaller size ; and (g) the steel 
has excellent hot-working properties. (This paper has been 
translated, see Iron and Steel Institute Translation No. 397). 

RB. A. B, 

On the Heterogeneity of Ingots. F. de Aranguren, C. Susin, 
and Juan José Jauregui. (Instituto del Hierro y del Acero, 
1949, vol. 2, Jan.—Mar., pp. 12-28). [In Spanish]. The 
article describes the work carried out, mainly by the British 
Iron and Steel Institute, on the heterogeneity of steel ingots 
of both killed and rimming steels. 

To investigate the effect of the rate of solidification in the 
head, the Spanish Iron and Steel Institute has studied the 
upper zone of two ingots of killed steel from the same cast 
and of the same size, shape, and weight. Ingot No. 1 was 
cooled more rapidly than ingot No. 2. Both had normal 
feeder heads but one had charcoal on the surface, whilst to 
the other was added charcoal and molten slag. Analyses 
were made at different points in the heads and sulphur prints 
were taken. Ingot No. 1 showed slight secondary piping and 
considerable segregation of carbon (due to the charcoal) and 
of sulphur.—R. s. 
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PRODUCTION OF FERRO-ALLOYS 


Physical-Chemical Basis of rhein yl Production. P. 
Elyutin and B. E. Levin. (Stal, 1947, vol. FF gg 903-910 [in 


Russian}. Chemical Abstracts, 1949, vol. June 25, col. 
4546). 

Establishing of a gi a Industry in U.S.S.R. I. F. 
Krasnykh. (Stal, 1947, vol. 7, pp. 998-1001). [In Russian]. 


Reduction of Silica in the Production of Ferrosilicon. 
P. V. Gel’d. (Stal, 1947, vol. 7, pp. 706-710 [in Russian] : 
Chemical Abstracts, 1949, vol. 43, June 25, cols. 4582-4583). 

New Ways oi Concentrating Manganese in Pig Iron Produc- 
tion. H. Rosenbaum. (Verein deutscher Eisenhiittenleute, 
Confidential Report No. 60). Tests were carried out at 
Konigshiitte, Essen-Borbeck, and elsewhere, which included 
the oxidation of manganiferous and spiegel irons, to produce 
slags of high manganese content. The separation of manganese 
and phosphorus in open-hearth slag with and without the 
addition of Slovak manganese ores, and the production of a 
manganiferous blast-furnace slag low in phosphorus for the 
production of ferromanganese were investigated.—c. w. A. 

The Production near the Blast-Furnace of High-Manganese 
Slags for Making Ferromanganese by Refining with Ore. 
J. Willems and P. Ischebeck. (Stahl und Eisen, 1949, vol. 
69, Nov. 10, pp. 809-813). Using the results of W. Oelsen’s 
small-scale tests on the possibility of obtaining high-mangan- 
ese slags from spiegeleisen and phosphoric spiegeleisen (see 
Journ. I. and §S.I., 1939, No. II, p. 8A), a full-scale procedure 
has been developed. A magnesite-lined vessel in which a 
bath of 4 to 5 tons of spiegeleisen is kept molten by five 
tangential blast-furnace-gas-fired burners was constructed 
close to the blast-furnaces. To this was added a mixture of 
sand 20%, fluorspar 395, and mill-scale 77%, the quantity 
being 30 to 40 kg./ton of spiegeleisen. On completion of the 
reactions a thin slag with manganese between 34 and 44% 
and iron between 2-46 and 6-0°% was obtained.—nr. A. R. 

Factors to be Taken _ Consideration in the Purchase and 
Use of Ferro-Alloys. F. Splechtna. (Hutnické Listy, 1949, 
vol. 4, June, pp. 187-188). {In Czech]. Ores of different 
origin often contain admixtures in very small quantities 
which differ with the origin of the ore. Such slight variations 
cannot be readily determined by chemical analysis, but they 
may have an important influence on the quality of the steel 
produced. The author stresses the importance of grading 
and storing ores for ferroalloys according to their origin to 
ensure continuity of the quality of the steel. The most impor- 
tant world sources of chromium, tungsten, manganese, 
molybdenum and vanadium ores are enumerated.—r. G. 

Urgent Tasks in the Production of Special Pig Irons. R. 
Hahn. (Verein deutscher Eisenhiittenleute, 1944, Confiden- 
tial Report No. 59). The production of high-manganese 
spiegeleisen, vanadium iron, and ferrochromium, together 
with different methods for the preparation of low-phosphorus 
high-manganese ferromanganese are discussed. The production 
of spiegeleisen, ore refining, and the separation of manganese 
and phosphorus by the acid-smelting of manganiferous and 
phosphoric ores in the blast-furnace are described.—c. w. A. 


FOUNDRY PRACTICE 


The Foundry and Research. G. Masing. (Neue Giesserei, 
1949, vol. 36, Sept., pp. 273-275). The manner in which the 
scientist can provide the foundryman with an explanation 
for casting phenomena and defects is oe by two 
examples from non-ferrous metallurgy.—R. A. 

Annual Conference of the Association of ‘Cesthenovel 
Foundrymen Held between the 30th September and the 2nd 
October in Trencanska Teplice. (Hutnické Listy, 1949, vol. 4 
Oct., pp. 342-343). [In Czech]. The following papers were 
read at the Annual Conference cf the Association of Czecho- 
slovak Foundrymen : 

Notes on the Geology of Slovak Sands, by C. J 
Slovak Moulding Materials, by L. Jeniéek. 

Determination of Moisture in Mould Materials, by V. Uxa. 
Results of Investigation of Czech Bentonites, by L. 

Petrzela. 

Organization of the Production Process in Foundries, by 

J. Mladéjovsky. 

Plasticity of Steel, by 8. Todl. 

High-Speed Forging, by F. Drastik. 

Rapid Determination of the Silicon in Malleable Cast Iron, 
by V. Kucera. 


. Novak. 
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Work on Herman Moulding Machines, by J. Sirokich. 
Life of Cast Compressor Blades, by J. Zampach. 

Welding Cast Iron, by O. Starosta and J. Cabelka. 
Nodular Cast Iron, by J. Cheniéek. 

Control of the Graphite Shape in Cast Iron, by N. 

Chvorinov. 

Problems of Centrifugal Casting, by V. Koutecky. 

Continuous Casting of Ingots, by J. Chvojka. 

Material for Forging and for Moulds for Pressure Casting, 
by R. Stefec. 

Development of Pressure Casting, by K. Cyprian. 

Problems in Norwegian Foundries. A. Arstal. (Norsk 
Metallurgisk Selskap: Tidsskrift for Kjemi, Bergvesen og 
Metallurgi, 1948, vol. 8, Nov., pp. 143-147). [In Norwegian]. 

Simultaneous Manufacture of Cement and Cast Iron. K. 
Koyanagi. (Rock Products, 1949, vol. 52, No. 5, pp. 60-62: 
Chemical Abstracts, 1949, vol. 43, June 25, cols. 4825-4826). 
The Basset process was used during the war by three of the 
largest cement plants in Japan. Pyrite cinder was the chief 
source for iron although hematite ore was used for a while. 
The reducing agent was coke breeze, anthracite, or coalite. 
The fuel was bituminous coal. The molten iron was withdrawn 
through holes in the kiln near the discharge end. The cast iron 
produced by this process was very low in silicon, manganese, 
phosphorus, and sulphur. The cement clinker contained iron 
grains, some of which were removed by a magnetic separator. 
The cement was normal setting, and gave good strengths. 

Some Modifications in Cupola Design. E. 8S. Renshaw and 
S. J. Sargood. (Institute of British Foundrymen : Foundry 
Trade Journal, 1949, vol. 87, Oct. 13, pp. 449-456). The results 
are reported of an investigation on cupola design in which 
certain modifications, such as the introduction of corrugated 
water-cooling units in the melting zone to reduce refractory 
losses, and the well-less cupola with enlarged melting zone 
for continuous tapping were studied. The effect of refractory 
material eroded from the lining on the slag composition is 
discussed, and _:* results are included of experimental runs 
with a water-c....d basic cupola showing the extent of 
desulphurization with slags of suitable basicity. It is concluded 
that there is still scope for further work on cupola design. 
Water cooling appears to offer a practical solution to the 
lining-erosion problem, and jacket design could be further 
investigated in order to obtain the least possible heat loss. 

R. E. 

Ferrous Melting Furnaces in the United States and Canada. 
A. W. Gregg. (International Foundry Congress, Amsterdam, 
1949: Foundry Trade Journal, 1949, vol. 87, Dec. 22, pp. 
733-740 ; Dec. 29, pp. 771-776, 778). This is a review of 
present-day trends in the operation of cupolas and auxiliary 
equipment, electric furnaces, side-blown converters, and 
malleable-iron furnaces in American and Canadian foundries. 

R. E. 

Practical Experience with a Hot-Blast Cupola Furnace 
Plant. O. Mattern. (Neue Giesserei, 1949, vol. 36, Sept., pp. 
275-280; Foundry Trade Journal, 1949, vol. 87, Nov. 24, 
pp. 629-633). The theoretical and practical aspects of a 
German hot-blast cupola which has operated successfully 
for several months are discussed. Stack gases are drawn from 
an opening below the charging door into a combustion cham- 
ber which also acts as a dust collector ; air from the hot-blast 
belt is introduced, the amount being related to the CO content 
of the gases. The gases leaving this chamber may be at more 
than 1200° C., but, as the deposited ash has a low fusion 
temperature, the gas temperature must be brought down 
below 900° C. before they enter the recuperator to prevent 
hard deposits forming on the preheater elements. 

The cupola diameter had to be reduced for hot-blast opera- 
tion as the melting rate became too high for the mould 
capacity. When melting at 5} tons/hr. the air consumption 
was about 2500 cu. ft./min. at 400° C. The lining wear was 
not greater than for cold-blast operation. In general, the 
silicon content of the iron is higher, and the sulphur content 
lower with hot blast than with cold blast.—r. a. R. 

Production of High Duty Iron in the Cupola. L. Allison. 
(Proceedings of the Institute of Australian Foundrymen, 
1944-1947, vol. 4, pp. 233-250). Melting techniques for the 
production of high-duty iron in the cupola are described. 
The basic principle is to produce an iron which, if poured 
straight into the mould without treatment, would show a 
white fracture, and then inoculate this iron at the spout with 
ferrosilicon, calcium silicide, or nickel shot. Iron with test 
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figures exceeding Grade 3 in British Standard No. 786 can 
be obtained without adding alloying elements. An inoculated 
iron, without alloying, gave 24 tons/sq. in. tensile, 0-76 
tons transverse, and 0-15 in. deflection on a 0-875-in. bar, 

For large alloy steel castings, nickel and molybdenum 
were added in the cupola to help to conserve the temperature 
of metal in the ladle, and if metal had to stand in the ladle a 
thick layer of diatomaceous earth was kept on the surface 
and proved to be a good heat insulator. An improved core 
wagh containing 50% silica flour and 50% plumbago moistened 
with an aqueous solution of molasses was developed.—R. A. nr. 


What is Acicular Cast Iron? W. W. Braidwood. (Institute 
of British Foundrymen : Foundry Trade Journal, 1949, vol. 
87, Dec. 1, pp. 649-653 ; Dec. 8, pp. 685-689 ; Dec. 15, pp. 
717-722). The author explains as simply as possible the 
theory of acicular cast iron, its heat-treatment and production. 
The effect of cooling rate and transformation temperature, 
the effect of nickel and molybdenum on the structures 
obtained, and the relation of composition to cooling rate are 
considered. Production and founding present no difficulties, 
and the cupola is preferred for melting provided that con- 
tamination by phosphorus is prevented. An outline is also 
given of two chief applications of acicular cast iron.—nRr. Fr. 


The Production of Cast Iron with a Modified Graphite 
Structure. J. Mackievic. (Hutnické Listy, 1949, vol. 4, July. 
pp. 210-217). [In Czech]. The views of research workers on 
the effects of the inoculation differ greatly. Most authors 
believe that the additions to the molten metal act as deoxidiz- 
ing and degassing agents and finely distributed non-metallic 
inclusions are formed which act as nuclei for crystallization 
and prevent formation of undercooled graphite. Valenta, 
Chvorinov, and Flinn and Rese think that local and transitory 
increased concentration of carbon occurs during the dissolu- 
tion of the added inoculants, and the eutectie point of the alloy 
is shifted suddenly to the left. The alloy becomes a hypereu- 
tectoid in these areas resulting in the rejection of small 
particles of free carbon which act as nuclei for further graphiti- 
zation. Milman believes that the exothermic nature of the 
deoxidation processes causes local overheating of the molten 
metal where the inoculants react with the oxygen ; the tem- 
perature at these areas may exceed a maximum above which 
the stability of the cementite decreases, and the graphite nuclei 
thus formed remain when the temperature drops to the usual 
graphitization point, provided that the cooling rate is fast 
enough. In some Czech foundries 75% ferrosilicon is used for 
inoculating grey iron for castings with wall thicknesses of 
7-12 mm. and greater. The silicon added is about 0-05-0- 1%, 
of the total weight of the molten metal.—®. a. 

The Casting of ‘ Plastic * Iron. A New Universal Material. 
FE. Piwowarsky and A. Wittmoser. (Instituto del Hierro y 
del Acero, 1948, vol. 1, Oct.—Dec., pp. 106-110). [In Spanish]. 
Due to the notch effect it produces in cast iron, graphite 
decreases its strength. Modern treatments have diminished 
this effect. In the case of a casting which undergoes hot 
deformation, the layers of graphite follow the direction of 
working and thus increase the strength in this direction. The 
simultaneous recrystallization produces a fine-grained sorbo- 
pearlitic structure which, together with the greater silicon 
and manganese contents compared with a similar mass of 
steel, increases the strength. 

The physical characteristics of de oh gad cast iron are 
compared with those of grey iron and steel.—Rr. s. 

Can the Manufacture of Malleable Cast iron be Improved ° 
8S. W. Palmer. (Institute of British Foundrymen : Foundry 
Trade Journal, 1950, vol. 88, Jan. 12, pp. 31 38 : Jan. 19 
pp. 65-69). A number of problems that arise during the 
production of malleable cast iron are considered in the light 
of research work reported in the published literature.—nr. § 

First Stage Annealing of Malleable Iron. J. E. Rehder. 
(Canadian Metals and Metallurgical Industries, 1949, vol. 12. 
Oct., pp. 20-22, 25). Data suggesting relationships between 
chemical composition, temperature, and time for the eomple- 
tion of the first-stage annealing (decomposition of primary 
cementite) of blackheart malleable iron are presented and 
discussed. When temperature is plotted against the time 
(on a log scale) for the first-stage anneal, a straight line is 
obtained, and these lines for different irons are practically 
parallel. The effect of the silicon content is examined and a 
three-dimensional diagram relating silicon content, tempera- 
ture, and time is presented.—R. A. R. 
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Malleablizing in a Gas Stream. F. Schultz. (Verein deut- 
scher Eisenhiittenleute, 1944, Confidential Report No. 73). 
The usual malleablizing in ore utilizes a very unfavourable 
ratio of useful to total charge, say, one quarter. A gas mallea- 
blizing process has been developed in Germany employing 
a continuous furnace heated with alloy steel radiant tubes, 
with an output of 150 tons/month, and absolutely safe to 
operate. The new process is cleaner and cheaper than the 
conventional one employing ore. The experience gained with 
the first furnace would enable economy in alloys and reduction 
in wear to be made in succeeding ones.—«G. W. A. 

Malleable Cast Iron. C. R. Day. (Proceedings of the Insti- 
tute of Australian Foundrymen, 1944-1947, vol. 4, pp. 
103-117). The manufacture of white heart and blackheart 
malleable iron castings is described with notes on their heat- 
treatment.—R. A. R. 

Suction Casting. V. N. Grudinsky, I. B. Khazan, and I. I. 
Finger. (Automobilnaya Promyshlennost, 1949, Aug., pp, 
19-21: [Abridged Translation] Engineer’s Digest, 1950. 
vol. 11, Feb., p. 59). The application of suction casting to the 
production of intricate parts such as cylinder blocks is 
described. Flawless castings were obtained and the percen- 
tage of wasters due to incomplete filling was greatly reduced. 

R. F. F. 

Research and Development in Canadian Steel Foundry 
Practice. S. L. Gertsmann. (Fourth Empire Mining and Metal- 
Jurgical Congress, Great Britain, July, 1949, Paper No. 
H.1.7). The research work reported includes : (a) investiga- 
tion of penetration of steel into sand cores, (b) antipiping 
compounds, and (c) the production 'of austenitic manganese 
steel using a 100% high-manganese steel scrap charge. 

As to (a) test castings were made 54 in. in dia. at the bottom, 
7 in. across the top, and 5 in. high with four standard rammed 
cores 1} in. in dia. and 2in. highin the bottom. When induc- 
tion-melted, silicon-deoxidized mild steel was poured, there 
was no penetration into the cores, but when insufficient 
silicon was used for deoxidation, penetration was severe. 
No penetration occurred if the steel was excessively wild. No 
penetration occurred until about 3 min. after pouring. 
Increased fineness of the sand, and additions of silica flour 
and silica flour plus wood flour, all decreased the penetration. 
Additions of iron oxide to the core were also very beneficial. 
Internal pressure, fluidity, surface tension, and wetting are 
being investigated. 

As to (6), seven antipiping compounds were tested. They 
all decreased the temperature gradient in the riser, but com- 


plete directional solidification from the casting to the top of 


the riser was not achieved with any of them. The compounds 
increase significantly the length of time during which atmos- 
pheric pressure can exert an influence. 

As to (c), this is a basic-lined arc-furnace process in which a 
slag is formed with lime, fiuorspar, and iron ore as soon as 
possible after the first molten pool forms round the electrodes. 

R. A. R. 

The Hot Tearing of Steel. J. M. Middleton. (Iron and Steel, 
1949, vol. 22, Sept., pp. 407-411). In this review of the work 
of various investigators on the hot tearing of steel, the 
author deals with the temperature at which tearing occurs, 
the strength of steel at high temperatures, factors affecting 
hot tear formation, and methods of testing for hot tear 
susceptibility.—J. c. R. 

The Use of Czech Bentonite. A. Bichler. (Hutnické Listy, 


1949, vol. 4, Oct., pp. 317-318). [In Czech]. The opinions of 


Czech foundrymen differ on the subject of using bentonite 
in its raw state ; some believe that the expense of the chemical 
treatment of raw bentonite is not justified for the small 
improvement in quality obtained. The author shows that 
the use of modified bentonite is advantageous as synthetic 
sands bonded with raw bentonite may fail, particularly 
during hot weather and also in the case of large castings. 
The Enslin test for sand and bentonites appears to indicate 
not only the swelling capacity but also the capacity to retain 
the absorbed moisture. Numerical values of the influence of 
the content of Czech bentonite (raw bentonite, raw bentonite 
mixed with Na,CO,, and modified bentonite) on the sand 
properties, and the — of water lost after 1, 2, 3, and 
4 hr. are give n.—E. 

Plastics in the Voentey. K. H. Spencer. (Institute of 
Australian Foundrymen: Australasian Engineer, 1949, Oct. 7 
pp. 90-95). It is shown that plastic corebinders produce more 
uniform, more stable, and more durable cores with better 
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collapsing and shake-out characteristics than cores with pitch 
binders, and that the baking temperature is lower and the 
baking time shorter. The making of plastic patterns and the 
injection of plastic material into porous castings followed by 
baking are described.—Rr. A. R. 

Adapting American Foundry Practice to Australian Condi- 
tions. W. R. Bean. (Proceedings of the Institute of Australian 
Foundrymen, 1944-1947, vol. 4, pp. 1-10). Only the discussion 
to the paper is given. The author answers questions on syn- 
thetic sands, sand preparation, and transport.—Rr. A. R. 

Some Aspects of Oil Core Sand. B. McD. Stewart. (Pro- 
ceedings of the Institute of Australian Foundrymen, 1944 
1947, vol. 4, pp. 39-57). Control problems associated with 
the use of oil-bonded core sand are discussed. The following 
principles apply to the choice of silica sand used for oil- 
bonded sands: Uniformity of grain-size is important when 
high permeability, good surface finish. and low drying-out 
rate are desired, but when the sand is required to have a 
minimum tendency to sag and expand, blending of dissimilar 
uniform sands is an advantage ; this blending improves the 
dry strength and economizes in core binder. The amount of 
clay in the washed sand should not exceed 0-5%, and the 
amount subsequently added should not exceed 1-0%. 

R. A. BR. 

The Scope of Bond Clays in the Foundry. A. W. Ulmer. 
(Proceedings of the Institute of Australian Foundrymen, 
1944-1947, vol. 4, pp. 59-95). The author discusses types of 
clay, the properties of montmorillonite and kaolinite, the 
functions of water, typical sand mixtures, factors in sand 
selection, core sand practice, sand milling equipment, testing 
a sands, and methods of changing the properties of 

sand. A. R. 

Evaluation of the Screen oo of Moulding and Core 
Sands. W. Biiltmann. (Neue Giesserei, 1949, vol. 36, Se pt., 
pp. 264-266). A graphical method of presenting the results 
of screen analyses of moulding and core sands is explained 
with details of the calculation of the grain-size distribution 
factor from the mean grain-size.—R. A. R. 

Synthetic Resins in the Foundry. K. 8. Meakin. (Foundry 
Trade Journal, 1949, vol. 87, Sept. 8, pp. 307-312). A review 
of recent developments in core practice with special reference 
to the use of U.F. binders (urea-formaldehyde resin) is 
presente dd. Thisis a thermosetting pl wstic material which 
sets irreversibly under the applic ation of heat and does not 
soften when further heat is applied.—r. FE. 

Care of Moulding Machines. R. Shire. (Foundry, 1949, 
vol. 77, Sept., pp. 89, 148, 150). The maintenance of 
different types of moulding machine, in particular the jar 
squeezer and the rollover, is discussed, and oiling procedures 
are outlined.—J. c. R. 

Maintenance of Wood and Metal Patterns. A. Huebner. 
(American Foundrymen’s Society, 1949, Preprint No. 51). 
This short paper deals with the repair of wood and metal 
patterns used in the foundry.—4d. c. R. 


A Study of the Principles of Gating. R. E. Swift, J. H. 
Jackson and L. W. Eastwood. (American Foundrymen’s 
Society, 1949, Preprint No. 55). One of the requirements of 
a good gating system is that the metal should How through 
the system with a minimum of turbulence and aspiration of 
mould gases. Lucite models were used having different sprue 
designs, different pouring boxes, and different designs of 
moulds, using water as the fluid. Flow was observed 
and recorded by high-speed motion photography. The factors 
studied were pouring method, pouring box design, sprue 
design, design of the connection between the base of the sprue 
and the runner, design of the runner and gates, and the use 
of various devices and techniques to improve the gating 
practice. Air entrainment is found to occur in the vortex 
formed at the head of the sprue and the vortex can only be 
eliminated by maintaining a sufficient head of liquid in the 
pouring box. The following practices are considered to be 
advisable : (1) A pouring box should be used and the liquid 
should be poured into it at the end opposite from the sprue ; 
(2) the first liquid should not be permitted to pass into the 
mould cavity: a means of effecting this is suggested ; and 
(3) the pouring box should be filled rapidly: devices for 
this are described. The present investigation refers only to 
gating practice applicable to castings having substantial 
lateral dimensions but relatively small vertical height. 

J.C. R. 
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Pouring and Gating Problems in the Foundry. E. Diep- 
schlag. (Metallwirtschaft, 1949, vol. 3, July, pp. 215-219). 
Data and curves are presented which show the pouring rates 
when casting iron from large ladles with a stopper and from 
small ladles by tilting. In the latter the maximum pouring 
rate occurs with the ladle at 55°. It is shown how to calcul- 
ate the correct sizes of downgates and ingates, and the 
critical pouring rate (at which laminar flow changes to turbu- 
lent flow).—R. A. R. 

Advanced Casting Methods Expected To Result in More 

Economical Foundry Practice and Better Castings. (Steel, 
1949, vol. 125, Oct. 3, pp. 68-71, 97-98, 100, 102). The Alloy 
Engineering and Casting Co., Champaign, Illinois, has been 
developing new methods of casting turbine rotors; both 
centrifugal and centripetal methods have been worked out, 
and new refractories examined. The aim is to reduce the 
metal in gates and risers, and produce economies in materials 
handling and machining.—4J. P. s. 
“Insulation of Risers for Ferrous Castings. J. R. Power. 
(Foundry, 1949, vol. 77, Aug., pp. 68—71, 230-231). This report 
describes experiments conducted with an inexpensive method 
of insulating risers on iron and steel castings in order to 
obtain a higher yield. The insulating material, a mixture of 
40% (by weight) of sawdust, 26% of dextrine, and 34% of 
water, is pressed into the desired shapes, dried, coated with 
a refractory wash, and moulded in position upon a pattern 
to form a riser cavity. A series of steel and cast-iron cubes 
of various sizes was cast with insulated and uninsulated 
risers to compare feeding efficiencies. When insulated risers 
are employed, the risers can be reduced in volume by at least 
50%. This riser insulating method has these disadvantages : 
(1) It produces a segregated area of high carbon content 
in the casting ; (2) it causes boiling or spattering of the metal 
in the riser unless precautions are taken to keep the insulation 
dry; (3) the amount of gases discharged to the foundry 
atmosphere is excessive. 

Present-Day Trends in Runner Practice. J. F. Measures. 
(Institute of British Foundrymen: Foundry Trade Journal, 
1949, vol. 87, July 14, p. 57). A brief note is presented on 
runners in use in foundries with particular reference to those 
used on medium-weight machine-moulded grey-iron castings. 

Which Comes First ... Core Oil or Water ? O. J. Myers. 
(Foundry, 1949, vol. 77, Sept., pp. 75, 190). Tests are des- 
cribed which reflect the influence on core-sand properties of 
variations in both the order in which different ingredients 
are added to the mixer and the total mixing time. With a 
short (3 min.) mixing time the best order of addition to a 
core sand was cereal-water-oil with the additions added 
altogether as second best. Similar results were obtained with 
a longer (9 min.) mixing time.—J. C. R. 

Vaporized Oil as a Standby Fuel on a Gas-Fired Mold 
Drying Oven. J. E. Klika. (Industrial Heating, 1949, vol. 
16, July, pp. 1246-1250). To guard against interruption in 
the use of a large mould-drying oven measuring 15 x 15 x 
25 ft. during periods of shortage of natural gas, a converter 
for vaporizing fuel oil and feeding the vapour to the existing 
gas burners was installed. The equipment is described and 
illustrated.—R. A. R. 

Dielectric Heating—Applications in The Foundry. J. 
Pound. (Metal Industry, 1949, vol. 75, Oct. 21, pp. 351-353 ; 
Oct. 28, pp. 379-381 ; Nov. 4, pp. 399-400). The theory and 
practice of dielectric heating for baking cores in the foundry 
are discussed. It is shown how to calculate heating times, 
power consumptions, and capacitance under various con- 
ditions. Data on costs are presented, and the advantages and 
limitations are pointed out.—R. A. R. 

Advantages Gained by Precision Casting Wide Range of 
Steels and Alloys. K. J. Yonker. (Materials and Methods, 
1949, vol. 30, Sept., pp. 82-84). Precision casting methods, 
using wax patterns developed by the Allis-Chalmers Manufac- 
turing Co., are described. A particular application is the pro- 
duction of 8-lb. dises and 12-lb. stators for a small turbine ta 
be used at the bottom of the hole in oil-well drilling ; these 
are cast in a low-alloy chromium-nickel steel. A high- 
production moulding machine for wax patterns has been 
made in which the wax is injected into water-cooled moulds 
under high pressure from an automatically operated gun, the 
press opens the mould automatically and the gun is refilled 
from a hot reservoir. The pattern, or cluster of patterns, is 
dipped into a thin slurry of fine silica and liquid binder. 
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A stainless steel flask is placed over the patterns and filled up 
with the investment, which uses an ethyl silicate binder. 
After vibrating for 30 min. and drying for 10 hr. the wax is 
removed by melting out with steam and the mould is dried 
for 8 hr. in an oven with the temperature rising to 1850° F. 
The flasks are preheated and the alloy steel, melted in an 
induction furnace, is poured in from a hand ladle at a tem- 
perature of about 2900° F.—Rr. A. R. 

The Measurement and Characteristics of Casting Fluidity. 
V. Kondic. (Metallurgia, 1949, vol. 40, Sept., pp. 246-248). 
The term ‘ fluidity’ is still used to designate two different 
properties ; the older definition is that it is the reciprocal of 
the viscosity ; the second definition is ‘ the ability of metal 
to flow,’ or ‘that property of metal which allows it to flow 
freely and evenly into a mould.’ The characteristics and 
interpretations of the casting fluidity obtained by the spiral 
mould test are discussed. Alloys that form tenacious or 
brittle oxide films on exposure to air are more sensitive to 
the nature of the mould surface than alloys which do not form 
such films. The length of spiral increases directly with the 
pouring temperature, and it increases with the mould tem- 
perature but at a faster rate the higher the mould tempera- 
ture. The sequence of increasing fluidity is in many cases that 
of increasing available heat content. A curve for variation in 
fluidity with composition for a eutectic system showing 
limited solid solubility shows that solid solution alloys possess 
a lower fluidity than either pure metals or eutectic composi- 
tions ; the reasons for this are considered.—R. A. R. 

The Flowability of a Metal and Methods for Its Determina- 
tion. Iu. A. Klyachko and L. L. Kunin. (Zavodskaya 
Laboratoriya, 1949, vol. 15, Oct., pp. 1198-1206). [In 
Russian]. The influence of flowability on the extent to which 
moulds are filled by a given metal is discussed, and the 
equations proposed by various authors for the calculation of 
flowability from experimental data are critically compared. 
The more fundamental aspects of flowability are also exam- 
ined, and the relation between the flowability of a metal or 
alloy in its liquid state and its physical properties when 
solid is considered together with the influence of alloying 
elements, on the basis of data taken from the literature. 
Though most emphasis is on ferrous materials, some non- 
ferrous metals and alloys are also dealt with.—s. kK. 

New Mechanised Foundry of Ruston and Hornsby, Ltd. 
(Engineer, 1950, vol. 189, Feb. 17, pp. 205-206; Feb. 24, 
pp. 233-234: Machinery, 1950, vol. 76, Jan. 19, pp. 98-100). 
The Beevor Iron Foundry of Messrs. Ruston and Hornsby, 
Limited. (Engineering, 1950, vol. 169, Jan. 20, pp. 66—67). 
An illustrated description is given of the recently completed 
foundry of Ruston and Hornsby, Ltd., Lincoln, designed 
to produce 250 tons of castings per week. Iron is supplied 
from two of the four cupolas (42 in. inside dia.) each melting 
6-7 tons/hr. Extensive use is made of modern machinery 
and conveyors and the plant is divided into five unit 
systems, each designed to produce a particular range of 
products under continuous and progressive processing 
methods.—R. A. R. 

A Modern Melting Plant. V. C. Faulkner. (Foundry Trade 
Journal, 1949, vol. 87, Oct. 27, pp. 509-511). An illustrated 
account is given of the equipment at the plant of Banfields 
Ltd., Uttoxeter. There are four cupolas and a modern 
Pneulec sand-preparing plant. The cupolas are charged 
from containers suspended from a monorail.—nr. E. 

Metropolitan-Vickers Foundry. (Foundry Trade Journal, 
1949, vol. 87, Sept. 1, pp. 267-271). An illustrated account is 
given of the layout and equipment of the foundry of the 
Metropolitan-Vickers Electrical Co., Ltd. A feature of this 
plant is the precautions taken for the elimination of dust 
and the exhaustion of all fumes at the knock-out point. The 
core shop is operated by female labour.—r. E. 

The Foundry of Ransomes, Sims and Jefferies Ltd. (Engineer, 
1949, vol. 188, Nov. 4, pp. 520-521). New Iron Foundry of 
Messrs. Ransomes, Sims and Jefferies. (Engineering, 1949, vol. 
168, Nov. 4, p. 474). An illustrated description is given of 
the new foundry of Ransomes, Sims and Jefferies, Ltd., near 
Ipswich. The foundry is in two parts, one for the mass pro- 
duction of plough shares and the other for the general run of 
agricultural machinery castings. Each of the parts is served 
by four cupolas. A high degree of mechanization in core 
making, sand preparation, and the conveyance of raw 
materials and moulds has been achieved.—Rk. A. R. 
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Swords to Ploughshares. A. R. Parkes. (Foundry Trade 
Journal, 1949, vol. 87, Nov. 24, pp. 621-628). The new 
Nacton foundry of Ransomes, Sims and Jefferies, Ltd., is des- 
cribed and illustrated. 

The Relative Merits of Castings and Weldings. A. M. 
Tennant. (Proceedings of the Institute of Australian Foundry- 
men, 1944-1947, vol. 4, pp. 323-337). Some _ properties 
characteristic of cast and of welded parts and structures are 
outlined and the advantages of iron and steel castings for 
many purposes are pointed out with examples.—R. A. R. 

Aids to the Foundry. ©. H. Fraser. (Proceedings of the 
Institute of Australian Foundrymen, 1944-1947, vol. 4, pp. 

251-263). Useful foundry equipment and gadgets, most of 
them of simple construction, are described. They include : 
(a) Rubber-tyred barrows ; (b) ladle carriers with 4-ft. wheels 
and a 10-ft. lever arm ; (c) pyrometers for crucibles heated in 
pit furnaces ; (d) covering fettling tables with sheet metal 
thicker than 20 gauge: (e) a frame with a hydraulic piston 
for lifting cores with difficult tapers ; (f) a flowmeter to measure 
the water added to sand in the miller ; (g) a simple and rapid 
device for testing the permeability and compressive strength 


of sand; and (hk) a pitchometer for checking the pitch of 


patterns for propellers.—R. A. R. 

Industrial Radiography. (Metalurgia y Electricidad, 1949, 
vol. 13, Nov., p. 27). [In Spanish]. This brief, general note 
refers to the necessity of collaboration between a9 aaaaa 
and metallurgist in the examination of castings.—R. 

The Training of the Foundry Apprentice To-Day. A. 
Stevenson. (Proceedings of the Institute of Australian 
Foundrymen, 1944-1947, vol. 4, pp. 25-38). The author 
recommends the use of films to extend knowledge of the 
foundry trade to the public, making the foundry cleaner and 
more attractive, higher pay to skilled jobbing moulders, and 
putting the apprentice with the right type of moulder.—k. A. R 

The Technique of Motion and Time Study in Foundries. 
E. Witten. (Neue Giesserei, 1949, vol. 36, Sept., pp. 280-286). 


HEATING FURNACES AND SOAKING PITS 


Automatic Gas-Fired Forge Furnace. J. R. Ross. (Steel 
Processing, 1949, vol. 35, Nov., pp. 606, 614). A description 
is given of a gas-fired walking-beam reheating furnace for 
billets at the Chevrolet Forge Division of General Motors 
Corporation. It has six 14-in. burners on each side which 
consume about 3000 cu. ft. of 1000-B.Th.U. natural gas per 
2000 lb. of steel heated. The hearth is 2 ft. 9 in. wide 
15 ft. 2 in. long, and production is about 2200 Ib./hr.—R. A. R. 

Heat Control. (British Engineering, 1949, vol. 32, Oct., 
pp. 573-574). A brief illustrated description is given of an 
electrical resistance bar-heating machine for the rapid 
heating of bars for forging, binding, or other forming opera- 


tion. A 23-in. bar can be raised to 1000° C. over a length of 


22 in. in 1 min. 44 sec. The machine can be set for various 
sizes of bar and is equipped with a Radiovisor photo-electric 
control which cuts off the heating current when the bar 
reaches the required temperature, and also passes pulses of 
current at intervals to maintain the bar at this temperature. 

Re As. Rs 


HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 


The Physical Basis of Heat Treatment. B. Chalmers. 
(American Society for Metals: Canadian Metals and Metal- 
lurgical Industries, 1949, vol. 12, Oct., pp. 12-15). The theory 
of the hardening of metals by the following methods is 
explained : (1) Reducing the size and increasing the number 
of crystals; (2) adding another metal so that its atoms 
replace some of those of the predominant metal in the crystals; 
(3) introducing a second sort of crystal, usually very hard 
and of the type known as an intermetallic compound ; 
(4) work hardening ; and (5) producing crystals which are 
inherently hard. Finally, the transformations in steel are 
explained by reference to the iron-carbon diagram, and 
martempering and austempering are described.—R. A. R. 

Heat Treatment. S. C. Johnson. (Proceedings of the 
Institute of Australian Foundrymen, 1944-1947, vol. 4, 
pp. 191-217). The different types of binary equilibrium 
diagram are explained with examples, and the heat-treat- 
ment of steel and ferrous and non-ferrous alloys is dealt 
with by reference to these diagrams.—R. A. R. 
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Heat-Treatment of Metals. HK. Altamira. (Revista ce 
Ciencia Aplicada, 1949, vol. 3, Sept.—Oct., pp. 349-358). 
[In Spanish]. The author studies the influence of the atmos- 
phere in which heat-treatment is applied and summarizes 
the characteristics and compositions of some of the more 
interesting atmospheres. He discusses age-hardening, bainitic 
hardening and stepped treatment and describes high-frequency 
induction heating. Finally, problems related to the Curie 
point and the compe — of magnetic measuring instru- 
ments are examined.—R. 

a Diffusion of Carbon and the Carburization Process. 

Taylor. (Journal of The Iron and Steel Institute, 1950, 
vi 164, Mar., pp. 257-264). The carburization of steel is 
considered from the point of view of the diffusion of carbon. 
Mathematical solutions of Fick’s law for different conditions 
are used to calculate types of carbon penetration curves. 
The difficulty of assessing case depths when the shapes of 
the curves are different is illustrated. A method is given for 
calculating the relative active carburizing and soaking times 
when it is desired to reduce the surface carbon concentration 
of a carburized case. A series of curves, which have been 
found a very accurate guide in experimental carburizations, 
summarize these values. 

Gas Carburizing. (Automobile Engineer, 1949, vol. 39%. 
Sept., pp. 345-349). Heat-treating equipment for gas carburiz- 
ing developed by Birlec, Ltd., is described and _ illustrated. 
Three distinct types are available: (a) Stationary batcl 
furnaces ; (b) rotary-drum batch furnaces ; and (c) continuous 
furnaces. Operating data on two industrial installations are 
presente d. In general, data indicate that costs of gas carburiz- 
ing will not be more than 70% of the cost of pack carburizing 
similar components.—R. A. R. 

Controlled Atmospheres for Metals. L. F. Spencer. (Mater- 
ials and Methods, 1949, vol. 30, Oct., pp. 83-92). The applica 
tions of industrial controlled atmospheres in the processing 
of ferrous and non-ferrous metals are discussed with notes o1 
how they are prepared, the metals for — each is suitable, 
and their advantages and limitations.—R. R. 

Controlled Atmospheres for Forgings poe Tool Steels. 
L. F. Spencer. (Steel Processing, 1949, vol. 35, Nov., pp. 
596-600 ; Dec., pp. 649-654, 658-659, 666, 669). Factors 
governing the selection of protective atmosphere and type 
of furnace for controlled atmosphere heat-treatment are 
discussed and several types of furnace installation are des- 
cribed and illustrated.—Rr. A. R. 

High-Speed Steels—Their Manipulation and Heat-Treat- 
ment. H. W. Pinder. (Alloy Metals Review, 1949, vol. 7. 
Sept., pp. 2-8). The high- speed steels dealt with are the 
tungsten, tungsten-cobalt, and molybdenum steels. Roll- 
cogging should be confined to ingots of the 3-in. and 4-in. 
size range. To obtain adequate refinement of the structure 
the reduction in area from ingot to bar should be at least 
95%. Straightening should be carried out during cooling from 
the high-temperature austenitizing temperature, but this is 
not always practicable ; it should not be attempted cold 
accept on simple tools ; with large broaches it is best carried 
out at the first tempering temperature. Deep-freezing treat - 
ment as a rule is totally unnecessary in properly heat-treated 
tools, but may be useful when the austenite has become 
stabilized. Bainitic hardening, which is described, gives a 
tougher steel when applied to intermittent cutting.—R. A. R. 

Latest French Studies on Stepped Heat-Treatment. M. G. 
Delbart. (Instituto del Hierro y del Acero, 1948, vol. 1, 
Oct.—Dec., pp. 76-80). [In Spanish]. The author deals with 
the classification of isothermal curves, the various structures 
formed, critical rate of hardening, relationship between 
intermediate structures and mechanical properties, and some 
special applications. The transformation of austenite in the 
upper, intermediate, and lower temperature zones, $-curves, 
crystal growth, and the effect of alloying elements, and finally 
the transformation of austenite in high-speed steels, are 
reviewed. It is not stated whether the mechanical properties 
conferred by stepped heat-treatment are superior, equal, or 
inferior to those obtained by classical heat-treatment, but the 
former does avoid, largely, internal stresses and flakes. Iso- 
thermal treatment also dispenses with tempering in the critical 
zone, thus avoiding precipitation = ternary constituents 
which cause temper brittleness.—Rr. 

Case-Hardening, Heat-Treatable and ‘Spring Steels in HPN 
Quality. W. Holtmann and K. Daeves. (Verein deutscher 
Eisenhiittenleute, 1944, Confidential Report No. 70). Tests 
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were carried out on the suitability of HPN steels for case- 
hardening and heat-treated applications, as well as for lamin- 
ated spring plates, in comparison with open-hearth and basic- 
Bessemer steels. As far as case-hardening steels are concerned, 
HPN qualities are equivalent to good open-hearth steels, 
both as regards depth of carburization and core toughness. 
Phosphorus contents above those specified in HPN steels 
cause a reduction in the carburized depth and the toughness 
of the core. The great freedom from inclusions in open- 
hearth steel cannot be attained with certainty by HPN 
steels cast at a low temperature. In the case of heat-treated 
steels in HPN qualities, the specified tensile strength, yield 
point and elongation are readily obtained. Their elongation 
and notched toughness in the heat-treated state at the corres- 
ponding tensile level, lie within the usual limits of these 
qualities in open-hearth steel. They are expected to be higher 
in non-metallic inclusions than open-hearth steels. The 
strength properties and resistance to alternating loads are 
not different in the case of HPN spring steels with 1% 
silicon from the corresponding open-hearth steels. The marked 
tendency to the production of non-metallic inclusions in alloy 
steels made in the Bessemer converter gives rise to a very 
distinct fibrous fracture in HPN spring steels and a clear 
superiority in the notched toughness of specimens with 
notches parallel to the rolled surface as against open-hearth 
steel. Case-hardening and heat-treated HPN steels are being 
produced in large quantities and have proved satisfactory 
to buyers. The spring steels have been accepted by the 
German State Railways for leaf springs.—c. w. A. 
Hardenability of Carbon Steels. A. Pettersen. (Tidsskrift 
for Kjemi, Bergvesen og Metallurgi 1949, vol. 9, Apr., pp. 
60-68). [In Norwegian]. This is an elementary account of 
the martensitic and isothermal transformations, the constit- 
uents of quenched, isothermally transformed, and tempered 
steels, and a4 significance of time-temperature-transformation 
curves.—J. re 
High-Frequency Hardening. H. G. Oberparleiter. (Oster- 
reichischer Maschinenmarkt und Elektrowirtschaft, 1949, 
vol. 4, Sept. 30, pp. 357-358). Some examples of the selective 
hardening of small parts by induction hardening are described. 
They include a ball-race seat on a hollow spindle, the flanks 
of gear teeth, and the surface of a shoe made by powder 
metallurgy.—R. A. R. ; 


FORGING, STAMPING, DRAWING, AND PRESSING 


Recent Developments in Forging Technique. (Machinery, 
1949, vol. 75, Dec. 15, pp. 847-852). The equipment and pro- 
cesses used in the forging department of the Ford Motor 
Company’s plant at Canton, Ohio, are described. The output 
of forgings is about 300 tons/day.—R. F. F. 

The Drop Forge Industry Today. R. E. W. Harrison. 
(Steel Processing, 1949, vol. 35, May, pp. 252-255; June, 
pp. 320-322). The American drop-forging industry is con- 
sidered from the economic point of view; the volume of 
work is now considerably below the wartime peak. Replace- 
ments of machinery now tend more towards the installation 
of gravity drop hammers than air or steam operated plant : 
the operation of the former type is less costly and requires 
less operating skill. The author refers to the perpetual 
conflict between die materials and the materials being 
forged, and to the development of the gas turbine which makes 
new demands on the industry.—4J. P. s. 

Forging ,Presses. M. Monsalve Flores. (Anales de 
Mecanica y Electricidad, 1949, vol. 25, Sept.—Oct., pp. 
266-273). [In Spanish]. The article describes heavy forging 
presses oil the most usual systems of working, and compares 
power and capacity of the different types. A list of presses 
of over 4000 tons, classified by countries, is given.—Rr. s. 

Use of Springs for Vibration Control. D. H. Vance and H. L. 
Showalter, jun. (Steel Processing, 1949, vol. 35, Oct., pp. 
527-530). The Korfund system of control of vibration for 
forge hammers is described and illustrated. The hammer and 
anvil rest on a suspended concrete inertia block through 
which pass steel beams with their projecting ends resting on 
springs, the base of the latter resting on the concrete bottom 
of the pit. There is a clearance of about | in. between the 
bottom of the inertia block and the floor of the pit. No measur- 
able vibration is transmitted to the factory floor and precision 
grinding can be carried out on the same floor in the proximity 
of heavy forging hammers when the latter are mounted in 
this way.—R. A. R. 
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The Dynamics of Crank-Press Operation. H. W. Swift. 
(Engineering, 1949, vol. 168, Dec. 9, pp. 605-608). The prob- 
lem of speed changes in a motor-flywheel power demand 


system is considered mathematically with the case in mind of 


a crank press having a power system required to provide 
variable speed operation—actually, an experimental 50-ton 
crank press installed for deep-drawing research at the Uni- 
versity of Sheffield.—Rr. a. R. 

Automatic Feeding Devices tor Eccentric Presses. (Oster- 
reichischer Maschinenmarkt und Elektrowirtschaft, 1949, 
vol. 4, Oct. 31, pp. 382-387). Examples are described and 
illustrated of automatic mechanical devices for feeding 
metal forward into presses or stamping machines in predeter- 
mined lengths at predetermined time intervals.—k. A. R. 

Steel Defects and Manufacturing Defects in the Production 
of Shells, and their Significance. W. Grosse. (Verein deutscher 
Eisenhiittenleute, 1944, Confidential Report No. 75). Steel 
defects include pipe, segregation, blow holes, non-metallic 
inclusions and hair lines, splits perpendicular to the direction 
of drawing, longitudinal tears, tension cracks in the base 
separation through surface cracks in the billet, and unmelted 
foreign materials from the ingot. Pressed out bases and the 
cracks resulting from bad fractures of the billets, may be 
considered as steel defects or press defects. Cracks caused by 
gas cutting the billets, or the absorption of oxygen on heating, 
as well as separation of material ot the drawing rings, can 
be regarded as press defects.—G. w. : 

Basic Problems in the Engineering ‘of a Modern All-Metal 
Motor Body. E. 8. White. (Institution of Mechanical Engin- 
eers, Proceedings of the Automobile Division, 1948-49, 
Part I, pp. 10-24). The manner in which car fashions aggra- 
vate the problems of the motor-car body designer are discussed. 
The range of materials from which a body may be made is 
described and steel is shown to have considerable advantages. 
Assembly of vehicle components is dealt with and an example 
is given of the way in which multiple pressing operations can 
be facilitated by careful sequence planning.—R. A. R. 

The Calibration of Cold Drawn Shapes. H. Preussler. 
(Stahl und Eisen, 1949, vol. 69, Nov. 10, pp. 819-824). The 
calibration of dies for cold drawing steel bars of simple and 
of complicated shapes is considered, and the fundamentals 
which govern the flow of material are explained.—R. A. R. 

A Rapid Simple Method of Determining Shape of Wire 
Dies. E. M. Smith. (Wire and Wire Products, 1949, vol. 24 
Nov., pp. 1025-1026). The method of determining the shape 
of wire-drawing dies described comprises making an impression 
with a hard dental inlay-casting wax which is first softened 
over a small flame and then pressed into the die cavity. The 
exit side of the die should be stopped up with clay to prevent 
the wax from being extruded through the hole. A magnifica- 
tion of the contour of the wax replica can be obtained by 
shadowgraph or photographic methods.—R. A. R. 

Continuous Strand Cleaning and Coating of High Carbon 
Rods and Wire. D. L. Doty. (Wire and Wire Products, 1949, 
vol. 24, Nov., pp. 1034— 1038, 1065- -1067). The continuous 
methods of removing scale from steel wire and rod which 
are described include: (1) Passing the strands through a 
shot-blasting cabinet 22 ft. long in which are mounted eight 
bladed wheels, four above and four below the strands. These 
wheels, driven at high speed, fling the shot against the wire 
and break up the scale. (2) Passing the wire against brush 
rolls which carry high-strength fine steel wire ‘ bristles.’ 
(3) Pickling in 12 to 20% hydrochloric acid at 140° to 180° F. 
Equipment for performing these operations continuously 
and in tandem with the patenting, lime-coating, and drawing 
has been developed. The use of lime and lime substitutes is 
also discussed.—R. A. R. 


ROLLING-MILL PRACTICE 


Modern Manufacturing Methods for the Production of 
Steel Sheets. H. H. Stanley. (Journal of the Institution of 
Production Engineers, 1949, vol. 28, Aug., pp. 373-393). 
The sequence of operations in the hand, mechanical, and 
continuous processes of rolling steel sheets is described in 
some detail. Flow diagrams and illustrations of different 
mills are given. 

Large Seamless Steel Tube Mill at Clydesdale. (Engineer, 
1949, vol. 188, Dec. 9, p. 665; Dec. 16, pp. 699-700). An 
illustrated description is given of the new seamless steel tube 
mill at the Clydesdale Works of Stewarts and Lloyds, Ltd. 
The mill can be divided into six principal sections : the ingot 
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reheating furnace, the hydraulic piercer, the rotary elongator, 
the pilger mill, the sizing mill, and the finishing and inspect- 
ing sections. The plant is designed to produce plain and 
bevelled end oil-line tubes from 10? to 16 in. in outside dia. 
with a wall thickness of } in. or greater. The average rate of 
production at present is about 20 tons/hr. of finished 16-in. 
tubes with 3-in. walls.—r. A. R. 

Rolling-Mill Bearings of Cast Iron. O. Riiding. (Verein 
deutscher Eisenhiittenleute, 1944, Confidential Report No. 
76). It is shown that cast-iron bearings give a good account of 
themselves in the application described. Appropriate design is 
necessary in view of the brittleness of cast iron. Cast iron 
may also be applied in stands for cold rolling, provided that 
lubrication with hot-mill grease is possible. It is probable 
that cast-iron bearings can be used in mills other than those 
described.—G. W. A. 


MACHINERY FOR IRON AND STEEL PLANT 


Electric Generation and Distribution in Iron and Steel 
Works. T. Coxon. (Journal of The Iron and Steel Institute, 
1950, vol. 164, Mar., pp. 327-348). The subject of electric 
generation and distribution in iron and steel works is reviewed, 
and particular attention is given to the completely integrated 
works of The Consett Iron Co., Ltd., at which many new 
projects are under way, involving complex internal changes 
and modified electrical requirements. In discussing boilers, 
turbines, turbo-generators, and switchgear, examples of 
recent installations at these works are described, together 
with the reasons for their selection. The factors governing the 
choice of voltage at which to generate and distribute are 
enumerated, and various transmission systems for main power 
distribution at 3-3, 6-6, or 11 kV. are described. 

The Design and Improvement of Foundations for Steelworks 
Machinery. K. Hurschmann. (Stahl und Eisen, 1949, vol. 
69, Nov. 10, pp. 824-827). 

Why Do Bearings Fail? Factors Responsible for the Short 
Life of Bearings. K. Larre. (Metalurgia y Electricidad, 1949, 
vol. 13, Nov., pp. 21-23). [In Spanish]. Bearings fail through 
wear, errors in adjustment, inadequate load distribution, bad 
alignment, incorrect allowance for oil film, defective lubrica- 
tion, fatigue, overload, corrosion, extraneous materials on 
the bearing surface, and manufacturing defects. Some illus- 
trated examples are given of bearing failures and their causes. 

R. Ss. 

Notes on the Development and Present Position of Malleable 
Iron Chain Conveyors. F. Roll. (Neue Giesserei, 1949, vol. 
36, Oct., pp. 314-322). This discussion of malleable iron chain- 
link conveyors covers the following aspects : (1) Description of 
types ; (2) suitability and application ; (3) production and 
heat-treatment ; (4) properties, including resistance to wear, 
corrosion, and heat; (5) microstructure ; and (6) testing. 

R. A. R. 

Electric Equipment for the Modern Coke Plant. M. de 
Ferranti. (Blast Furnace and Steel Plant, 1949, vol. 37, 
Sept., pp. 1087-1091). The types of electric motor and con- 
trol gear required for coal handling by conveyors, dumpers, 
ete., for coke-oven operation, where pushers and door 
machines are involved, for coke handling by conveyors, 
sereens and crushers, and in the pumping of coke-oven by- 
products, are described.—J. P. s 


LUBRICANTS AND LUBRICATION 


Rapid Testing of Lubricating Oils. J. L. De La Rosa 
Revueltos. (Metalurgia y Electricidad, 1949, vol. 13, Oct., 
pp. 74-76). [In Spanish]. A series of brief, simple and rapid 
procedures for determining the viscosity, flash point, residual 
ash content, acidity, and humidity of oils is described. The 
properties and applications of 17 types of lubricating oil are 
summarized.—R. S. 

The Transfer of the Heat of Friction of Bearings from the 
Film of Lubricant to the Bearing Surfaces. G. Vogelpohl. 
(VDI-Forschungsheft 425, 1949, July—Aug.). An investiga- 
tion, of a theoretical and mathematical nature, to determine 
whether physical laws compel the heat of internal friction in 
an oil film to remain in the film is reported. With the aid of 
the Fourier theory of thermal conductivity the problem of 
the heating of an oil film between two parallel surfaces at 
a constant temperature equal to that of the oil supply is 
dealt with. The relation between temperature changes and 
the distance from the oil inlet is determined in dimensionless 
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units, and the mean temperatures, the heat evolved, and the 
coefficient of heat transfer are also found assuming (1) that 
the viscosity does not change with temperature, and (2) 
that it changes linearly with temperature.—R. A. R. 

Die Lubrication during Metalworking Operations. W. 
Cross. (Metal Treatment and Drop Forging, 1949, be i 
Autumn Issue, pp. 141-145). The requirements of forging 
die lubricants and the advantages of colloidal graphite 
dispersed in water, alcohol, trichlorethylene, or carbon 
tetrachloride are discussed. The liquid rapidly evaporates, 
leaving a very thin adsorbed layer of graphite on the surface 
which can be buffed to a high polish. Examples of greatly 
increased die life with this lubrication are cited.—R. A. R. 

Lubrication as a Boundary Layer Phenomenon. J. Kluge. 
(Zeitschrift fiir Metallkunde, 1949, vol. 4, Oct., pp. 386-389) 
Measurements of the coefficient of friction have shown the 
excellence of the fatty oils for conditions of boundary lubrica- 
tion. It is presumed that the fatty acids and their derivatives 
form an adsorbed layer. Measurements of wear have shown 
that under conditions of boundary lubrication wear increases 
with the chain length of homologous substances.—R. A. R. 


WELDING AND FLAME-CUTTING 


The Metallurgy of Arc Welding is Different. V. I. de Strasser. 
(Boletin de Informacion del Instituto de la Soldadura, 1949, 
No. 3, pp. 18-26). [In Spanish]. The author first discusses the 
wide field of casi aaa of arc welding and the different 
phases of development in technique and equipment in foreign 
countries. By means of a series of metallographic specimens, 
he illustrates the effect of various conditions on the mechani- 
cal properties of welds.—Rr. s. 

Present Development and Future Prospects of Electric 
Welding in Spanish Shipyards. A. Villanueva Nufiez. (Boletin 
de Informacion del Instituto de la Soldadura, 1949, No. 4, 
pp. 17-22). [In Spanish]. The history of the development of 
electric welding in American shipbuilding is divided into three 
periods: (1) The use of electric welding for accessories and 
secondary structures; (2) for more important structures 
which are eminently suitable for prefabrication ; and (3) the 
period of the all-welded vessel. Spain has entered the second 
of these phases. 

The author lists those parts which are electric are welded 
in the National Bazan Cartagena Dockyards. Certain parts 
are riveted and there is a tendency to follow the British idea 
of mixed riveting and welding. Several new Spanish naval 
constructions are discussed and the article is well illustrated. 
(An abridged translation appeared in The Welder, 1949, vol. 
18, Oct.—Dec., pp. 81-84).—R. s. 

Defects in Welds and Their Relative Importance. A. 
Villanueva Nunez. (Boletin de Informacion del Instituto 
de la Soldadura, 1949, No. 4, pp. 10-16). [In Spanish]. The 
author describes and illustrates the following classes of defects 
in welds : (1) Longitudinal notches at the edges of the weld : 
(2) surface irregularities ; (3) lack of penetration; (4) slag 
inclusions ; (5) porosity; and (6) cracks. Their practical 
importance and their _— on the strength and fatigue 
of the weld are discussed.—R. 

Relationship Between Radiographs and the Mechanical 
Properties in Steel Welds. R. Calvo Rodes and L. Rivoir 
Alvarez. (Instituto de la Soldadura, 1949, Publicacién No. 6, 
pp. 5-11). [In Spanish]. A series of defective welds was 
made by using excess acetylene or excess oxygen in the flame, 
burning, lack of penetration at the root, welding without 
filler metal, lack of reinforcing, and lack of fusion, and the 
defects and their relation to the failure are illustrated by 
radiographs. Lack of penetration at the root causes a drop 
in rupture strength. This defect may not be revealed in 
X-ray photographs.—Rr. s. 

X-Ray Detection of the Lack of Penetration in the Welding 
of Steels and the Influence of this Defect on the Mechanical 
Properties. L. Rivoir Alvarez and Z. Garcia Martin. (Instituto 
de la Soldadura, 1949, Publicacién No. 6, pp. 13-17). [In 
Spanish]. Tests were made on specimens of chromium- 
molybdenum steel welded normally and on samples defectively 
welded. Excess of acetylene in the flame causes porosity and 
lack of penetration at the root which lowers the resistance to 
rupture. Specimens were also electric welded and examples 
of the effect of lack of penetration are illustrated.—Rr. s. 

Recent Experience in the Metallurgy of Hard-Facing by 
Welding, and Some Types of Electrode Based on It. T. Norén. 
(Svetsaren, 1948, vol. 13, No. 2, pp. 34-61 ; No. 3, pp. 69-97). 
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[In Swedish]. The latest developments in hard-facing by 
welding in England and the U.S.A. are reviewed, and their 
importance from both the economic and design points of 
view is stressed. Intensive research in Sweden has led to 
new knowledge of the metallurgy and metallography of 
hard-facing by welding, and this has been applied in producing 
new electrodes for this purpose. Some electrodes are described 
and the properties of welds made with them are discussed. 

R. A. R. 


Punching Tools Made by Hard-Facing with Electrode 


OK H 6. (Svetsaren, 1949, vol. 14, No. 2, pp. 46-49). [In 
Swedish]. This is a description of a method developed by 


Elektriska Svetsningsaktiebolaget, Gothenburg, for hard-fac- 
ing punching tools using an electrode called OK H6. From a 
qualitative point of view these tools have been able to com- 
pete with those made in the orthodox way, and as they can 
be fabricated from ordinary steels a total cost saving of 
30% is claimed. Another advantage is that the very long 
delivery times applicable to tool steel may be avoided.—s. a. 

The Reclamation of Worn Parts. Sheila M. Holgate. 
(Journal of the Birmingham Metallurgical Society, 1949, vol. 
29, Sept., pp. 173-186). The building up of worn surfaces, 
reinforcement of new parts, correction of over-machining, 
and repair of castings by welding, electrodeposition, and 
metal spraying are reviewed with data on the properties of 
the surfaces thus obtained.—R. A. R. 

Welded Wheel Assemblies for Railway Wagons. E. Eriksson. 
(Svetsaren, 1948, vol. 13, No. 4, pp. 99-113). [In Swedish]. 
The design of light-weight railway wagon wheels of the disc 
type with welded joints at the hub and tyre is critically 
examined and Swedish research work is reported.—R. A. R. 

Notes on Welded Wheel Assemblies. E. Hedin. (Svetsaren, 
1948, vol. 13, No. 4, pp. 114-119). [In Swedish]. The advan- 
tages of all-welded construction for railway wagons are 
pointed out, with special reference to wheel and axle assem- 
blies with discs welded to the hub and tyre. A successful 
design has been developed with which the weight of a pair 
of wheels on one axle is half a ton less than that of the stan- 
dard shrunk-on design. This has passed tests under heavy 
loads of ore on the Grangesberg-Oxelésund line.—R. A. R. 


An Evaluation of the Resistance Welding of Tin and Tin- 
Zinc Alloy Coated Mild Steel Sheet. A. J. Hipperson and P. 
M. Teanby. (Welding Research, 1949, vol. 3, Oct., pp. 
86r-92r). The object of the investigations was to determine 
the applicability of spot and flash welding processes to the 
welding of coated sheet steel assemblies in production. No 
difficulty was encountered in flash welding any of the coated 
steels. Tin-zine alloy coatings were better suited to spot- 
welding than plain tin coatings. The electrode life was much 
shorter when welding plain tin-coated sheet, and adhesion 
of the electrode tips to the surface of the stock presented 
difficulties. The presence of zinc (even only 20%) appeared 
to improve the weldability considerably. The use of fully 
automatic welding machines is desirable because success 
depends largely on accurately controlled machine settings. 

R. A. R. 

BEAMA-IOW British Electrode Classification Covering 
Manual Arc Welding Electrodes for Welding Mild Steels. 
(British Electrical and Allied Manufacturers’ Association, 
1949, Publication No. 135). 

The Quality of Arc Welds in Relation to the Training and 
Supervision of the Welder. H. Seifert. (Schweissen und 
Schneiden, 1949, vol. 1, Oct., pp. 174-180). A procedure for 
training electric welders is described.—R. A. R. 

The Welding of Thin Corrosion- and Acid-Resisting Steel 
Sheets. W. Hummitzsch and A. Schmidt. (Schweisstechnik, 
1949, vol. 3, Sept., pp. 97-99 ; Werkstatt und Betrieb, 1949, 
vol. 82, Sept., pp. 318-320). Equipment and electrodes have 
been devised with which stainless steel sheets down to 0-9 
mm. thick can be successfully welded. The coated electrode 
(called Fox-SAS 4-EHV), made with core wires 2-5, 3-25, or 
4 mm. in dia. (composition C 0-10%, Cr 19%, Ni 9%, Mo 
2-5%, Nb 0-8%) is laid in a groove in a copper rail forming 
part of the upper of two arms between which the metal to be 
welded is held. The 2-5-mm. electrode is used for sheets from 
0-9 to 1 mm. thick and requires 60 to 80 amp. The size of 
weld bead and the penetration can be controlled by using 
rails with grooves of different sizes.—R. A. R. 

The Strength Behaviour of Welds. E. Siebel. (Schweissen 
und Schneiden, 1949, vol. 1, Aug., pp. 121-128). Problems 
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relating to the strength of welds, the measurement of elonga- 
tion, and the calculation of stresses before and after stress- 
relieving treatment are discussed with particular reference to 
boiler steel.—R. A. R. 

Note on the Effect of the Heat of Cutting when Preparing 
Weld-Metal Specimens of Steel St 52. K. Eichler. (Schweissen 
und Schneiden, 1949, vol. 1, Aug., pp. 131-132). Specimens 
of manganese steel (C 0-14%, Mn 1-2%) prepared by flame- 
cutting and by machining were tested to determine whether 
the heat from the flame affected the results. The tensile 
strength was the same in each case. Flame-cutting reduced 
the bending angle in bend tests and increased the notched- 
bar impact strength as compared with machining.—Rr. A. R. 

The Welding of Steel Castings. A. Vambersky. (Svarovini, 
1949, vol. 9, Aug., pp. 94-100). [Im Czech]. The factors 
affecting the quality of welds in steel castings are dealt with, 
the main emphasis being on the composition of the material 
to be welded. Graphs are included which show the influence 
of the carbon content on the hardness of the weld and parent 
metal, the influence of molybdenum, manganese, chromium, 
and nickel on the hardness of the weld with 0-1 to 0-4‘ 
carbon steels, the influence of preheating on the hardness, 
and the influence of the cooling velocity on the microstruc- 
ture.—E. G. 

Experimental Study of the Weldability of Steels. R. JJ. 
Mouton. (Instituto de la Soldadura, 1949, Publicacién No. &, 
pp- 5-37 [In Spanish]: Welding, 1950, vol. 18, Jan., pp. 17 
27; Feb., pp. 73-82). Until physical metallurgists produce 
a general theory for the weldability of constructional steels 
which unifies our present knowledge, methods of testing must 
be sought to determine the degree of weldability clearly and 
systematically, and they must permit laboratory tests to be 
correlated with full-scale tests. 

Schnadt’s method has aroused considerable interest. 
Although it is based on involved principles and the coining 
by Schnadt of a number of terms to express mathematically 
various states of stress, the test can be carried out in about 
10 minutes. Schnadt prepares a series of notched specimens 
of varying dimensions and designs, each corresponding to a 
state of stress. The impact strength of the materials under 
these different states of stress is determined. To each state of 
stress, a ‘ plastifying effect’ is attributed, which depends 
solely on the multi-axiality of conditions of stress. The value 
of this ‘ plastifying effect’ diminishes with multi-axiality, 
becoming zero for a three-dimensional isotropic state. The 
author describes an application of the Schnadt method and 
tables the results.—Rr. s. 

Some Anomalies in the Weldabiity of High-Tensile Steels. 
A. J. Elliott and W. I. Pumphrey. (Journal of The Iron and 
Steel Institute, 1949, vol. 163, Dec., pp. 369-377). The 
examination of plates rolled from 16 different casts of 14% 
Cr—Mo steels, of similar chemical composition but different 
furnace origin, suggests that the steelmaking process may have 
a considerable influence on weldability, and that differences 
in the welding properties of two steels of the same nominal 
composition may be ascribed to differences in manufacture. 
In particular, the results indicate that the weldability of the 
basic electric steels used in these investigations is superior to 
that of the basic open-hearth steels. 

Weldability of Low-Alloy High-Tensile Steel. G. (+. Luther. 
C. E. Hartbower, and D. B. Roach. (Welding Journal, 1949, 
vol. 28, July, pp. 289-s—309-s). The effect of small amounts 
of titanium and vanadium on steels with 0-12—0-20% of 
carbon and 1-00-1-50% of manganese has been studied. 
Small variations in the amount of titanium and vanadium 
had a pronounced effect on the ductile-brittle transition 
temperature indicated by V-notch Charpy bar and the neck- 
bend test. Normalizing improved the weldability of titanium 
steels but not that of the vanadium steels. It was found that, 
to minimize notch sensitivity, carbon and titanium should 
not exceed 0-15 and 0-025% respectively, and carbon and 
vanadium, 0-15 and 0-10% respectively.—s. P. s. 

The Weldability of Carbon Manganese Steels. KR. D. 
Williams, D. B. Roach, D. C. Martin, and C. B. Voldrich. 
(Welding Journal, 1949, vol. 28, July, pp. 311-s—325-s). 
This paper continues work already published by some of the 
authors (see Journ. I. and S8.I., 1946, vol. 154, p. 10a; 1948, 
vol. 158, p. 155) and deals with the usefulness of the notched 
bead slow-bend test for measuring the weldability of steels, 
and with the crack sensitivity of carbon-manganese steels. 
Crack sensitivity is found to increase with carbon equivalent 
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(C + Mn + 4Si), to be less in cast steel than in rolled steel, 
and to be less in experimentally rolled steel than in commercial 
steel. When welded with low-hydrogen electrodes there was 
no cracking.—4J. P. Ss. 

Review on the Weldability of Carbon-Manganese Steels. 
C. B. Voldrich and O. E. Harder. (Welding Journal, 1949, 
vol. 28, July, pp. 326-s-336-s). The work conducted for the 
Welding Research Council at the Battelle Memorial Institute 
on the weldability of carbon—manganese steels has produced 
much information on the hardening characteristics of these 
steels adjacent to welds, on the deformation of welded sec- 
tions at room temperature under load, and on the influence 
of factors of technique such as electrode type and cooling 
rate. Additional problems still to be solved include influence 
of cooling rate and the relation of crack sensitivity to plate 
thickness irrespective of cooling rate ; the influence of grain 
size, and the effect of welding upon grain coarsening ; trans- 
ition-temperature properties of welded structures of these 
steels ; and the differences —— their behaviour in the 
cast and wrought states.—3. P. 

Note on Brazing Steel with Phosphor-Copper Brazing 
Metal. F. Erdmann-Jesnitzer. (Metallwirtschaft, 1949, vol. 
3, June, pp. 186-187). Furnace-brazing steel using phosphor- 
copper wire (P 6%) was carried out and the microstructure 
and hardness of a section of the joint were studied. The 
phosphorus migrated into the steel forming a hard interface 
of Fe,P crystals with an extended zone of extra-hard g-iron 
crystals. If the composition of the brazing metal in the 
finished joint is specified, the initial brazing wire should be 
about 1% higher in phosphorus.—R. A. R. 

Induction Brazing Methods Applied to Permanent Magnets. 
D. Hadfield. (Metallurgia, 1949, vol. 40, July, pp. 165-166). 
An induction process for rigidly brazing a pre-machined soft- 
iron blank to the ground surface of a permanent magnet of 
the Alnico type is described. Silver solder 0-008-0-010 in. 
thick is cut to fit the section of the parts to be joined and the 
assembly is prepared with a flux of dry aluminium-bronze 
borax melting at 500° C. The heating energy is supplied from 
a 10-kW., 5000 cycles/sec. motor-generator installation using 
a close-fitting single-turn water-cooled copper coil. The com- 
plete brazed unit may be tempered for an hour or so at about 
500° C. below the critical tempering temperature of the 
magnet alloy.—R. A. R. 

Prague District Welding Conference. (Svaiovini, 1949, 
vol. 9, July, Supplement). [In Czech]. A number of papers 
dealing with acute problems of the Czech welding industry 
were read at this conference. The aims of the Czech 5-Year 
Plan were reported. 

A very large number of welders are unskilled and are only 
trained to carry out certain types of welding work. Welding- 
shop equipment is bad in many cases, which causes low 
output and high fatigue rates. Insufficient attention to fire 
hazard was stressed. Training courses for welders and weld- 
ing instructors were discussed, and it was proposed that at 
least ten years’ welding experience should be required as a 
qualification for admission to training courses for welding 
instructors. 

Reports were also presented on Standardization, Tasks of 
Welding Research, Testing and Checking of Welding Equip- 
ment, Safety Arrangements, and Health Protection.—k£. G. 

Standardizing the Adjudication of Tests for Welders. 
C. Fuchs. (Schweissen und Schneiden, 1949, vol. 1, June, pp. 
95-97). A proposal is made for adjudicating welders’ tests 
by a system of awarding points such that the many factors 
which contribute to a good weld are all taken into account. 


R. A. R. 
Heavy Cutting in the Steel Mill. L. P. Elly. (Welding Jour- 
nal, 1949, vol. 28, Aug., pp. 721-727). Sections up to 24 in. 
thick can be cut with the oxy-acetylene torch alone, and much 
greater thicknesses (e.g., ingot hot- -tops) with the oxygen 
lance. Examples are given in this paper of the use of the 
torch for shaping rudder stocks, cutting discs of 10} in. and 
15-in. dia. and cutting 17-in. bevels on a machined die-block. 
J. PLR. 

Oxygen Arc Method of Cutting Cast-Iron Pipe. S. L. 
Rogers. (Water and Sewage Works, 1948, vol. 95, pp. 308- 
309: British Abstracts, B.I., 1949, Mar., col. 185). Most 
methods of cutting cast-iron water pipes are slow or uncer- 
tain. A recent procedure (‘ Oxyare’ method) is described 
which is speedy and economical. It involves the use of a 
special welding-rod holder connected to a welding machine 
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and to a tank of oxygen ; the rods are insulated, hollow, and 
of mild steel, and after an electric are is struck, oxygen is fed 
through the hollow rod into the arc, thus raising the tem- 
perature at the tip to > 5000°. 

A Comparison of the Economics of Cutting with Acetylene 
and with Propane. W. F. Happé. (Lastechniek, 1949, vol. 4, 
Sept., pp. 273-277). [In Dutch]. 


MACHINING AND MACHINABILITY 


Grind-Cracking. Part I—Machine Shop Considerations. 
J. R. Kelly. (Australian Institute of Metals: Australasian 
Engineer, 1949, Oct. 7, pp. 53-57). Recommendations are 
made on the selection of grinding wheels, coolants, and 
machines for grinding work, and a code for the identification 
of grinding wheels is explained. Examples of —" cracks 
are described with notes on the causes.—R. R. 

Grind-Cracking. Part II—Metallurgical " Considerations. 

E. Holloway. To Institute of Metals : Australasian 
z ngineer, 1949, Oct. , pp. 57-62). The manner in which the 
microstructure of stee 1 residual stresses, hydrogen embrittle- 
ment, and grinding conditions affect the sensitivity to the 
formation of grinding cracks is discussed and methods of 
inspection to detect grinding cracks are described.—R. A. R. 

The Application of Tungsten Carbide Cutting Tools. ©. 
Eatough and H. Eckersley. arg al of the Institution of 
Production Engineers, 1949, vol. 28, Aug., pp. 394-422). In 
the first part C. Eatough describes the use of tungsten carbide 
in various types of lathe. In the second part H. Eckersley 
deals with some fundamentals governing the design of special 
tools such as the tangential roller-box tool, milling cutters, a 
trepanning tool for producing button blanks, and blanking 
and piercing tools with punches of unbrazed carbide used in 
conjunction with carbide segmental dies.—R. A. R. 


PROPERTIES AND TESTS 


The Electronic Structure of Metals. R. Kronig. (Physica, 
1949, vol. 15, Apr., pp. 1-12). Examples in which the electron 
theory satisfactorily accounts for the behaviour and proper- 
ties of metals are cited. The model of the free electron gas 
was employed in the classical interpretation of the electronic 
properties of metals and has been taken over into quantum 
physics. The contribution of the electrons to specific heat 
is now found to be proportional to the absolute temperature, 
in harmony with the experiments of Keesom. Bloch and 
Brillouin dropped the model of the free electron gas, replacing 
it with the model of the free electron gas in a periodic potential 
possessing the periodicity of the crystal lattice, the electrons 
being treated as independent particles. The principal result 
arrived at was that, for a given direction of motion, the pos- 
sible energy values for such an electron lie concentrated in 
certain ‘allowed energy intervals’ of finite breadth which 
are separated from each other by the so-called ‘ forbidden 
intervals.’ This concept is used to explain the behaviour of 
insulators, metallic conductors, and semi-conductors. The 
theories of Heisenberg and of Born on superconductivity are 


sketched and the need for further research on the crystal 
energy in ferromagnetics is pointed out.—R. A. R. 
Mechanical Properties of Metals. N. F. Mott. (Physica, 


1949, vol. 15, Apr., pp. 119-134). Theories relating to the 
following subjects are discussed: (1) Mechanism of slip in 
crystals or crystalline grains ; (2) physical causes of hardness ; 
(3) grain boundary slip ; (4) recovery ; (5) recrystallization ; 
and (6) growth of new grains in recrystallization.—R. A. R. 

Structural and Elastic Properties of Metals. H. Jones. 
(Physica, 1949, vol. 15, Apr., pp. 13-22). The elastic and 
structural properties of metals and alloys at low temperatures 
depend only on the energy of the structure and the way the 
energy changes as the crystal is subject to homogeneous 
strains. The energy of a structure is defined with respect to 
the energy of the constituent atoms widely separated and in 
their normal state. In the theory of Bloch, Wigner, and Seitz 
the energy is regarded as a sum of terms which, to a useful 
approximation, can be calculated separately. The effects of 
these various contributions, particularly the values of the 
elastic constants of the metals and alloys for which measure- 
ments are available, in determining the structural type are 
considered.—R. A. R. 

Relaxation Phenomena in Metals. ('. Zener. (Physica, 
1949, vol. 15, Apr., pp. 111-118). The author reviews informa- 
tion obtained in the study of mechanical relaxation and dis- 
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cusses current metallurgical problems which can be attacked 
by continuing this study. Relaxation strength refers to the rela- 
tive difference in the appropriate elastic modulus as measured 
under conditions of essentially no relaxation and under 
conditions of essentially complete relaxation. The relaxation 
spectrum (a plot of the energy absorption as a function of 
frequency) may also be called an acoustical spectrum since 
it can be imagined as a plot of the absorption coefficient of 
acoustical waves. The acoustical spectrum of a metal 
usually has several peaks, each peak denoting the presence 
of a distinct relaxation process having its own associated 
relaxation time and relaxation strength. The work of several 
investigators, including J. Snoek, J. M. Burgers, and L. J. 
Dijkstra on these peaks of relaxation is briefly reviewed. 


R. A. R. 

Tensile Properties of a Heat-Treated Low-Alloy Steel at 
Subzero Temperatures. E. J. Ripling. (American Society for 
Metals, Oct. 1949, Preprint No. 1). Specimens of SAE 1340 
steel (C 0-42%, Mn 1-81%, P 0-023%, S 0-022%, Si 0-24%) 
were tempered at various temperatures between room 
temperature and 1100° F. (595° C.). Groups of these were 
then tested in static tension at room temperature, — 110° F., 
—220° F., and —321° F. (— 80° C., — 105° C., and —196° C.). 
The yield strength and tensile strength which depend prim- 
arily on the flow characteristics of the steel, were obtained on 
these test-pieces and were found to decrease continuously 
with increasing tempering temperature and/or decreasing test- 
ing temperature. Fracturing characteristics (contraction in 
area and fracture stress) passed through a minimum when 
the steel was tempered in the range 400—700° F. (205-370° C.) 
and tested at sub-zero temperatures. The magnitude of these 
minima increased with decreasing testing temperature. When 
the fracturing characteristics of the steel, tempered between 
400-700° F., were plotted as a function of the testing tem- 
perature, the shape of the resulting curves indicated the exis- 
tence of a transition temperature range within the band of 
testing temperatures investigated. With higher and lower 
tempering temperatures results showed no evidence of a 
transition temperature over the range of testing temperatures. 

On the Serrated Elongation in Different Metals. T. Sutoki. 
(Science Reports of the Téhoku Imperial University, 1941, 
vol. 29, No. 5, pp. 673-696). Tensile tests have been carried 
out at temperatures ranging from — 190° C. to red Heat on 
carbon steels, alloy steels, and single crystals of iron, duralu- 
min, brass, copper, nickel, aluminium, and zinc, and the 
causes of the serrations in the stress-strain curves above the 
yield point were studied. With Armco iron tested at 208° C. 
the amplitude of the serrations increased with the elongation. 
With Swedish steels they decreased with increasing carbon 
content. Iron annealed in hydrogen gave a smoother curve 
than after annealing in air. In general, specimens with a 
uniform microstructure had smooth stress-strain curves, 
whilst serrations appeared and extended with increasing 
heterogeneity.—R. A. R. 

Relationship of Inclusion Content and Transverse Ductility 
of a Chromium-Nickel-Molybdenum Gun Steel. J. Welchner 
and W. G. Hildorf. (American Society for Metals, Oct., 1949. 
Preprint No. 2). The effects of non-metallic inclusions on the 
transverse physical properties (reduction of area) of a chrom- 
ium—nickel—-molybdenum steel for 40 and 75-mm. guns are 
correlated. Extensive data are given and, using a rating 
system based on the type and quantity of inclusions, results 
are compared on the basis of the average rating per heat of 
steel versus reduction of transverse area (RTA). A definite 
correlation was found between the average inclusion content 
and average RTA. Other conclusions reached were: (1) : 
10% increase in stringer-type non-metallic inclusions de- 
creased average RTA by about 3% when the total inclusion 
content was not considered ; (2) when total inclusion count was 
a constant, a 10% increase in stringer: ype non- metallic 
inclusions decreased the average RTA 1-5% in 40-mm. gun 
tubes and 2% in 75-mm. gun tubes ; (3) the type of inclusion 
had a greater effect than the quantity on the transverse 
ductility ; (4) the 40-mm. gun tube test results were much 
less affected by the total inclusion count than were 75-mm. 
gun tube tests, even for the same steel.—J. c. R. 

Speed of Loading in Tensile Testing of Cast Iron. M. Gelain. 
(Association Technique de Fonderie : Foundry Trade Journal, 
1949, vol. 87, Nov. 10, pp. 573-574). The author has studied 
the effect of speed of loading using a high-strength cast iron 
with a breaking strength of approximately 15 tons/sq. in. 
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Three loading speeds (0-8, 1-6, and 3-2 2 kg. /sq. mm./sec.) 
were used for each size of specimen (20, 12-5, and 5-64 mm.). 
The figures obtained with the speed of 3.2 kg./sec. were all 
higher than those resulting from the speed of 0-8 kg./sec., 
and there was a tendency towards an increase in strength as 
the speed of loading increased. Statistical methods were use | 
in the evaluation of the results.—Rr. E. 
1,000-Ton Testing Machine for Structures. 
1950, vol. 169, Feb. 24, pp. 207-209; Mar. 3, pp. 
See Journ. I. and 8.1., 1950, vol. 164, Mar., p. 371. 
On the Measurement of Turning Moment in Rotating 
Shafts with the Aid of Wire Strain Gauges. B.A. Morozov. 
(Zavodskaya Laboratoriya, 1949, vol. 15, Nov., pp. 1387- 
1390). [In Russian]. Three ways of arranging wire strain 
gauges on a shaft for the measurement of the turning moment 
during rotation are described together with the corresponding 
electrical circuits. In two of these methods there is automatic 
compensation for any deformation of the shaft not due to the 
turning moment. Several types of brushes for use with the 
gauges when dealing with shafts of different size and 
accessibility are illustrated, and examples are given of oscil- 
lographie records of test results which show the importance 
of brush design and cleanliness for accurate recording.—s. K. 
Effects of Impact on Simple Elastic Structures. J. M. 


~~ ing, 
7-239). 


Frankland. (Proceedings of the Society for Experimental 
Stress Analysis, 1948, vol. 6, No. 2, pp. 7-27). Elementary 


terms and factors concerned in the problem of impact loading 
are defined and a number of representative cases of impact 
loading and their effects on a simple undamped system with 
one degree of freedom are discussed in Parts 1 and 2. Part 3 
presents some means of judging to what degree the behaviow 
of the idealized system of Part 2 is realized among actual ship 
and other structures. Applications of the theory to the 
strength of structures under impact are considered in Part 4. 
and the design of instruments for making — during 
impact tests are dealt with in Part 5.—Rr. a. 

Unnotched Impact Strength of High-Speed “Steels. AL A. 
Grobe and G. A. Roberts. (American Society for Metals, 
Oct. 1949, Preprint No. 4). Unnotched izod impact tests were 
conducted on nine high-speed steels, including tungsten. 
tungsten—molybdenum, and molybdenum steels, two high- 
earbon high-vanadium and three tungsten-cobalt steels. 
Steel 18/4/1 was tested over a wide range of austenitizing 
temperatures, 2100—2400° F. (1150-1315° C.), while all the 
other steels were tested after austenitizing at two tempera- 
tures, the higher of which was selected to represent a normal 
commercially employed value. High-speed steels 18/4/1 and 
6/5/4/2 were tested over the entire tempering temperature 
range from 100—-1150° F. (38-620° C.). Other steels were 
tested after tempering in and beyond the range of maximum 
secondary hardness. A comparison of the unnotched izod 
impact strength and the bend-test properties of a tungsten 
molybdenum high-speed steel is presented. 

The Cold-Working of Metals. ©. H. Desch. (Fourth Empire 
Mining and Metallurgical Congress, Great Britain, July, 1949, 
Paper No. H.1.10). Changes in the internal structure of metal 
during cold work are enumerated and discussed, and the past 
and present theories of deformation are considered, Beilby’s 
work receiving considerable attention. It is suggested that 
more use be made of the microscope equipped for examining 
metals at high temperatures. Plastic flow is shown to be 
a discontinuous process with slip in any one direction taking 
place on parallel lines, and although in a perfect lattice it 
might seem that slip could occur on every similar plane in a 
crystal, it is actually confined to planes which are so widely 
spaced as to be recognised under the microscope.—R. A. R. 

A Method of Estimating Equivalent Static Loads in Simple 
Elastic Structures. G. E. Hudson. (Proceedings of the Society 
for Experimental Stress Analysis, 1948, vol. 6, No. 2, pp. 
28-40). A graphical method of estimating the static load which 
will produce a deflection of a simple structure equal to its 
peak. deflection under a dynamic load is presented. The 
method permits also an estimation of the peak deflection and 
the time to reach this peak.—R. A. R. 

Strain Gage Survey Around the Supports of a 48-Foot 
Diameter Hortonsphere. L. P. Zick and C. E. Carlson. 
(Proceedings of the Society for Experimental Stress Analysis 
1948, vol. 6, No. 2, pp. 41-52). The strain-gauge technique 
and the results obtained in measuring strains in the vertical 
columns supporting a special oil-storage tank 48 ft. in dia. 
are reported.—R. A. R. 
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ABSTRACTS 


Sensitivity Chart for Wire Resistance Strain Gages. G. L. 


Rogers. (Proceedings of the Society for Experimental Stress 
Analysis, 1948, vol. 6, No. 2, pp. 61-63). Engineers’ problems 
in the use of strain gauges and the selection of the correct 
gauge for various installations are discussed. A rapid method 
involving the use of a chart for selection and determination of 
the output of the strain gauge is presented and illustrated 
in a typical example.—R. A. R. 

Law of Failure of Stresscoat. A. J. Durelli and T. N. 
DeWolf. (Proceedings of the Society for Experimental Stress 
Analysis, 1948, vol. 6, No. 2, pp. 68-83). In interpreting the 
results of brittle coating experiments it is generally accepted 
that Stresscoat breaks when the maximum tensile strain 
exceeds a critical value. The authors demonstrate two 
extreme cases where this law does not apply.—R. A. R. 

A Large Displacement Deformeter Apparatus for Stress 
Analysis with Elastic Models. W. J. Eney. (Proceedings of 
the Society for Experimental Stress Analysis, 1948, vol. 6 
No. 2, pp. 84-93). In 1922 G. E. Beggs introduced a method 
of stress analysis for structures in which special gauges were 
used to induce minute deformations into a small model of 
the structure, micrometer microscopes being used to measure 
the deflections. The present paper describes the author's 
‘deformeter ’ which differs from the Beggs apparatus in that 
(1) much larger deformations are employed, (2) the magnitude 
of the gauge displacements may be varied to fit the model, 
and (3) og are measured with ordinary engineers’ 
scales.—R. A. R. 

Further Prapection - Photoelastic Fosterite at Elevated 
Temperatures. M. M. Leven. (Proceedings of the Socie ty for 
Experimental Stress Analysis, 1948, vol. 6, No. 2, pp. 106 
110). Photoelastic Fosterite is a styrene-alkyd resin which 
can be used for stress analysis at elevated te mperatures. Its 
ultimate tensile strength at the critical temperature (87° C.) 
is about 520 Ib./sq. in., and at 80% of this temperature it is 
almost double. Other propert ies are given.—R. A. R. 

Stress Analysis Beyond the Elastic Range. A. F. Freuden- 
thal. (Proceedings of the Society for Experimental Stress 
Analysis, 1948, vol. 6, No. 2, pp. 131-140). The author 
makes suggestions for the extension of methods of experimen- 
tal stress analysis to conditions beyond the elastic range. 
These suggestions are derived from a discussion of the signifi- 
cance in terms of stress, of the observable deformation of a 
material body subject to loads, and of the differences in the 
character of inelastic behaviour of different types of materials. 
Specifying elasticity with regard to the instantaneously 
recoverable deformation, 7.¢.. in terms of the unloading 
process, instead of in terms of the response to loading, a 
feature of deformable behaviour equally significant within 
and beyond the elastic range of materials is introduced. 

R.A. R. 
_Electric Elongation Measurements. H. G. Oberparleiter. 
(Osterreichischer Maschinenmarkt und Elektrowirtschaft. 
1949, vol. 4, Sept. 30, pp. 354-356). The principles of electric 
resistance strain gauges are explained and the Philips gauge 
and some of its practical applications are described and illus- 
trated.—-R. A. R. 

New Test Predicts Deep Drawing Properties of Steel Sheet. 
K. Rose. (Materials and Methods, 1949, vol. 30, Oct., pp. 


62-63). See ‘* Automatic Torque Magnetometer Measures 
Magnetic Anisotropy of Steel,” Journ. I. and S.1., 1949, 


vol. 163, Dec., p. 472. 

Directions for the Hot Cupping Test as a Preliminary Test 
for Shell Steel. (Verein deutscher Eisenhiittenleute, 1944, 
Confidential Report No. 55). The test is employed to examine 
the suitability of billets for hot-forged steel. Defects such as 
inclusions and phosphorus and sulphur segregation are 
revealed. No indication is given of carbon segregation. The 
test enables unsuitable billets to be excluded from manufac- 
ture. Male and female dies are used in a 50-ton press, and the 
test piece is 10-20 mm. thick, cut from the complete section ; 
the testing temperature is 900-1100° C. Examples are given, 
and whilst five to six tests are necessary for a 4-ton ingot, 
sporadic inclusions are not always detected.—«c. w. A. 

The Plastic Behaviour of Solids. Sir Andrew McCance. 
(Hatfield Memorial Lecture : Journal of The Iron and Steel 
Institute, 1949, vol. 163, Nov., pp. 241-249). The author 
gives reasons for regarding the elastic limit as a fortuitous 
occurrence of no theoretical importance and for believing that 
the normal behaviour of a regular metallic lattice is the plastic 
behaviour. Cold work is related to the proportion of atoms 
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which have changed from the regular lattice of the annealed 
metal to the distorted lattice of cold-worked metal. An 
equation is derived for the variation in stress with the degre+ 
of cold working and experimental results with metals and nitro 
cellulose fibre are shown to agree with the theory. The plastic 
behaviour of farina starch, rock salt, single crystals of metals, 
rubber, and plastic sulphur are considered. Finally, creep 
under constant load is dealt with ; this the author looks upon 
as being solely the result of diffusion processes. There 
indication that axial creep can lead to failure or rupture of 
the test bar : it is only contractional creep that causes failure. 
There is no place for any limiting creep stress in the diffusion 
creep theory which substitutes, in place of the limiting creep 
stress, a critical oe each stress, at the end of which failure 
takes place.—Rr. 

Present State of the Problem of Rupture of Metals. «. 
Fernandez Casado. (Instituto de la Soldadura, 1949, Publica- 
cién No. 9, pp. 7-87). [In Spanish]. This work deals with the 
usual theories of rupture and the deformation of metals. It 
does not include an explanation of those mechanical proper- 
ties based on conceptions of atomic physics, nor does it enter 
into the mathematics of these phenomena. In spite of these 
limitations, it will appeal to non-specialist readers, since m 
simple theory of these complex phenomena has appeared in 
the literature. The work criteria and provisional 
theory of rupture, flow phenomena in mono- and poly 
crystalline structures, influence of deformation, 
temperature, uniform and_ variable impact, fatigue. 
and atmosphere. An appendix summarizes the fundamentals 
of atomic structure, and equilibrium diagrams and a biblio- 
graphy of 153 items are given.—R. s. 

Determination of Residual Stresses and Stress-Relief. 
Brittle Fracture. W. Soete. (Instituto de la Soldadura, 
1949, Publicacién No. 7, pp. 3-58). [In Spanish]. The first 
part of this work deals with a combination of Mathar’s ideas 
and the use of strain gauges. The second part classifies resi 
dual stresses and disc nature. The principles 
low-temperature stress-relieving and mechanical — stress 
relieving are given. The third part suggests a simple test to 
study brittle fracture. A test-piece, note hed on three faces, 
is broken by bending. This permits the 
deformation at the moment of rupture.—R. s. 

Evaluation of Plasticity of Metals and Alloys as Regards 
Conditions of Hot Shaping by Pressure. Iu. M. Chizhiko 
(Iron and Steel Institute, 1950, Translation Series, No. 395). 
This is an English translation of a paper which appeared in 
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Zavodskaya Laboratoriya, 1949, vol. 15, Feb., pp. 191-199 
(see Journ. I. and 8.1., 1949, vol. 163, Sept., p. 107). 


Standards for the Blue-Brittleness Test in the Examination 
of Semi-Finished Steel for the Production of Steel Cartridge 
Cases. (Verein deutscher Eisenhiittenleute, 1944, Conftiden 
tial Report No. 56). The purpose of the test and the means of 
carrying it out are described, together with notes on its inter- 
pretation. Test-pieces, with a length six times the thickness, 
are cut from tinplate bars, rounds cut witl 
notch 2 to 5 mm. deep in a shaping machine, or indented with 
a sharp tool under a press to this depth, heated to 250-3507 C. 
in an air-circulation furnace, and broken by bending over a 
slightly rounded tool. Piping and TOR are detectable. 
Only such ——. as are may be detected with 
certainty. G. W. 

A Method for Vibration Fatigue Tests of Stranded Conduc- 
tors. A-T Yu and B. G. Johnston. (Proceedings of the Society 
for Experimental Stress Analysis, 1948, vol. 6, No. 2, pp. 
1-6). Apparatus is described for measuring the vibrating 
frequency and amplitude, and the conditions leading to the 
failure of long lengths of stranded steel-aluminium conductot 
wires attached to insulators.—R. A. R. 

Controlled Impulsive-Load Testing Machine. RK. J. Hansen. 
(Proceedings of the Society for Experimental Stress Analysis, 
1948, vol. 6, No. 2, pp. 64-67). A testing machine design to 
produce an impulsive load for testing beams is described. 
The magnitude of the force can be controlled and varied up 
to 10,000 Ib. and the duration varied between 0-01 and 1 sec. 

R. A. R. 

Investigations of Hardness Fluctuations by Statistical 
Methods. ©. Hengstenberg. (Stahl und Eisen, 1949, vol. 69, 
Oct. 27, pp. 765-767). A statistical method of analysis is 
described which is applied to ascertain whether the deviation- 
with time of the results of series of hardness tests on nitro- 
genated and on quenched steels were accidental. The results 
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showed that the deviations, which exceeded the limits of error 
of the instruments used, were not accidental. The nature of 
the cause is not examined in the paper.—k. A. R. 

Hardening and Dehardening of Binary Iron Alloys. M. M. 
Shteinberg. (Stal, 1947, vol. 7, pp. 1107-1110 [in Russian] : 
Chemical Abstracts, 1949, vol. 43, June 25, cols. 4618-4619). 
Binary alloys were prepared of iron with varying quantities 
of aluminium, silicon, titanium, vanadium, chromium, 
manganese, nickel, copper, niobium, molybdenum, wolfram, 
and cobalt. All of the alloys contained not over 0-03-0-04% 


carbon, 0-03-0-06% manganese, 0-020-0-035% sulphur, 
0-010-0-020% phosphorus, 0-15-0-25% nickel, and traces 


of silicon, chromium, and copper. The quantity of any alloy- 
ing element was within the limits of its solubility in «-iron, 
and did not prevent polymorphic transformation. Specimens 
of alloys were studied structurally and durometrically by the 
use of a Vickers apparatus. To ensure equilibrium, prior to 
measuring the hardness, the specimens were heated for 15 hr. 
at 975° and then cooled to 400° at a rate of 10°/hr. All the 
alloying elements, except 0-62 and 1-51% chromium, raised 
the hardness of ferrite. Most effective in raising the hardness 
were silicon, titanium, and manganese. When the results are 
expressed in atomic instead of weight per cent, wolfram 
assumes @ place among the most effective elements in raising 
the hardness of ferrite. Plastic deformation (rolling) increased 
the hardness of unalloyed as well as of alloyed ferrite. At 
high degrees of deformation the hardness of unalloyed ferrite 
increased somewhat faster than that of alloyed. Dehardening 
was studied on specimens heated at 400—750° in 50° intervals 
for 1 hr., then cooled to 350° at a rate of 20°/hr., and finally 
in air. Dehardening was also studied on specimens rolled to 
90% deformation and then heated for various periods at 
550-650°. At 550°, alloys with a minimum content of 0.35% 
niobium, 0-32% molybdenum, and 0-54% wolfram lost none 
of their hardness, regardless of time of heating. Alloys of 
nickel dehardened faster than unalloyed ferrite. At 600°, all 
alloys except those of niobium, molybdenum, and wolfram 
lost their hardness almost at the same rate as did unalloyed 
ferrite. The effect of wolfram, niobium, and molybdenum i in 
arresting dehardening was very pronounced at 6: 50°. At 550°, 
unalloyed ferrite recrystallized after 30 min., nickel alloys 
after 20-40 min., silicon alloys after 50 min., and manganese 
alloys after 60 min. Alloys of aluminium, copper, chromium, 

and cobalt did not recrystallize entirely even after 12 hr. 
At 600°, alloys of aluminium and copper recrystallized after 
10 min. and chromium and cobalt alloys after 30-40 min. 

Alloys of 0-35% niobium, 0-32% and 1-93% molybdenum, 

and 0.54% wolfram recrystallized only partly at 600°, while 
alloys with 0-9% niobium and 2-11% wolfram did not recrys- 


tallize at all. At 650°, alloys of 0- 9%, niobium and + 540%, 
wolfram recry stallized partly, while an alloy of 2-11% 
wolfram did not recrystallize. i 

Quality Control of Grey-Iron Castings. J. Leonard. (Asso- 
ciation Technique de Fonderie: Foundry Trade Journal, 


1950, vol. 88, Jan. 19, pp. 71-74). The author extends his 
earlier work (see Journ. I. and 8.1., 1948, vol. 160, p. 222). 
on the use of the Brinell test in the foundry by correlating 
results for hardness, tensile, and shear tests on the same irons. 
British standard test-bar sizes were used.—R. E. 

_ Purchase of Steel According to Hardenability Specifications. 
IX. Knuth-Winterfeldt. (Ingenioren, 1949, vol. 15, Aug. 13, 
pp. 657-661). [In Danish}. An account is given of the 
* H-steels’ developed in America. The advantage of a 
thorough knowledge of the hardenability properties in the 
choice of steels for different purposes is stressed.—J. A. 

The Relation between the Derived Hardness Curve and the 
Tensile Strength of Metallic Materials. R. Boklen. (Zeitschrift 
fiir Metallkunde, 1949, vol. 4, Oct., pp. 372-374). The Brinell 
hardness has formerly been used when calculating the tensile 
strength from the hardness. If, in the case of cold-worked 
material, the Meyer final hardness value is used it is found 
that the tensile-strength/hardness ratio is practically a con- 
stant, and is to a great arena independent of the increase in 
strength due to cold work.- AL: 

Microhardness of Metals. "EL M. Onitsch. (Mikroscopie, 
1947, vol. 2, pp. 131-151 : British Abstracts, BI, 1949, Apr., 
col. 252). Methods of determination of microhardness and 
their applications are reviewed. The concept and the relation 
between micro- and macro-hardness are discussed. 

The Determination of the Texture of Rolled Sheet from 
X-Ray Diffraction Photographs. A. E. De Barr and B. 
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Roberts. (Journal of The Iron and Steel Institute, 1950, 
vol. 164, Mar., pp. 285-287). Full information on the texture 
of rolled sheet can be obtained from only three or four diffrac- 
tion photographs if use is made of all the diffraction data 
recorded. Pole figures may be constructed if required. The 
method is illustrated with reference to the texture of rolled 
iron sheet, but may be applied to other materials. The advan- 
tages of the method over the usual procedure for the construc- 
tion of pole figures are considered briefly. 

Radiography of Welds. V. Castro Cubells. (Instituto de la 
Soldadura, 1949, Publicacién No. 6, pp. 19-46). [In Spanish). 
The optimum conditions for making the radiograph (type of 
X-ray film, exposure, voltage, focus, etc.) are stated. The 
second part deals with the interpretation of the radiographs 
in metallurgical terms. The five main classes of defects and 
their appearance in the radiograph are described. These are : 
(1) Gaseous inclusions; (2) slag inclusions ; (3) defects in 
penetration ; ; (4) defects in fusion ; and (5) fractures or cracks. 
There is an appendix on the chemical treatment of films.—r. s. 

A Further Investigation of the Elasto-Resistance Change 
of Nickel, Iron and Some Nickel-Iron Alloys. N. Yamanaka. 
(Science Reports of the Téhoku Imperial University, 1941, 
vol. 30, No. 1, pp. 81-92). The effect of compression on the 
electrical resistance of nickel, iron, and five nickel-iron alloys 
has been studied. The initial portions of the compression 
resistance curves were in good agreement with the formula 
for the domain theory incorporating the — instead 
of the initial magnetic susceptibility.—R. A. 

On the AE Effect in Iron, Nickel and Cobalt. M. Yama- 
moto. (Scientific Reports of the Tohoku Imperial University, 
1943, vol. 31, No. 2-3, pp. 101-116). The AE effect, 7.e., the 
change in Young’s modulus with magnetization, in annealed 
electrolytic iron, 0-1% carbon steel, nickel, and cobalt has 
been measured in fields up to 900 oersteds by the method of 
magnetostrictive oscillation. The magnitude of the AL 
effect in carbon steels diminishes continuously with increasing 
carbon content.—R. A. R. 

Studies on the Magnetization of Single Crystals of Iron, 
Nickel and Iron-Nickel Alloys in Very Weak Fields. Y. 
Simizu. (Science Reports of the Tohoku Imperial University, 
1942, vol. 31, No. 1, pp. 8-37). The intensity of magnetiza- 
tion of single crystals of iron and nickel with large length 
diameter ratios up to 100 in very weak fields has been studied 
using a highly sensitive magnetometer. The field-strength 
range of reversible initial susceptibility is very small. As 
the dimension ratio decreases, the anisotropy of «x, diminishes 
slowly at first, and then rapidly, vanishing at a dimension 
ratio of about 10. The magnetization was also measured 
when demagnetizing by heating, and the initial susceptibilities 
were found to be about three times as great as those obtained 
when demagnetizing by reversals.—-R. A. R. 

On the Changes of Electric Resistance Due to Magnetiza- 
tion of Single Crystals of Iron and Nickel. T. Hirone and N. 
Hori. (Science Reports of the Tohoku Imperial University, 
1942, vol. 30, No. 2, pp. 125-136). The changes in the elec 
trical resistance of single crystals of nickel and iron have been 
calculated using R. H. Fowler's statistical method, and were 
found to be in good agreement with experimental results. 
The results explain satisfactorily the changes in resistance 
with direction of magnetization relative to the crystallo- 
graphic axes.—R. A. R. 

On Phase-Change Processes in Iron-Silicon Alloys. K. M. 
Guggenheimer and H. Heitler. (Transactions of the Faraday 
Society, 1949, vol. 45, Feb., pp. 137-145). Various phase- 
change processes in the solid state of the iron-silicon system, 
which have been observed previously by measuring the 
magnetic saturation intensities as functions of temperature, 
have been studied with respect to their reaction kinetics. 
Quasi-monomolecular and bimoleclular reactions have been 
formed and some activation energies have been determined. 

Some Effects of Tension on Magnetization Processes. K. H. 
Stewart. (Physica, 1949, vol. 15, Apr., pp. 235-240). The 
action of a magnetic field on iron is to increase the volume 
of the domains with magnetization in the ‘easy direction ° 
nearest to the field, 7.¢e., the positive one of the pair of eas) 
directions already selected by the tension. An applied tension 
might therefore be expected to make it easier to magnetize 
a piece of iron in the direction of tension, at least as far as 
the knee of the magnetization curve. This, however, does not 
agree with experiment. An explanation of the results obtained 
in practice is offered.—R. A. R. 
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The Cause of Anistropy in Permanent Magnet Alloys. K. 
Hoselitz and M. McCaig. (Physica, 1949, vol. 15, Apr., 
pp. 241-243). Magnetostriction measurements have been 
carried out on samples of a modern anistropic permanent 
magnet alloy and some conclusions are drawn as to the dis- 
tribution of domain magnetostriction in such anistropic 
alloys. The results appeared to be somewhat anomalous, but 
they can be satisfactorily explained if it is assumed that in 
the anistropic magnet the domains in each of the random 
orientated cubic crystals are magnetized along that cube 


axis which includes the smallest angle with the direction of 


the field H7 applied during cooling. There were differences in 
the results when using tempered and untempered specimens 
which suggested that the ideal arrangement produced during 
hardening is disturbed to some extent by tempering.—R. A. R. 

Variation of Alternate-Current Permeability of Transformer 
Sheet Steels with Direct-Current Magnetisation. B. M. Baner- 
jee. (Indian Journal of Physics, 1948, vol. 22, pp. 265-275 : 
British Abstracts, BI, 1949, Apr., col. 261). For silicon steel 
sheets, the inverse of the A.C. permeability varies almost 
linearly with the D.C. magnetization. The hysteresis loops 
are always symmetrical with their tips bent in the direction of 
the H-axis to an extent which increases with D.C. magnetiza- 
tion. This implies that admittance of an iron-cored reactor 
without air-gap increases linearly with D.C. magnetization, 
and that current passed by such a reactor always contains 
appreciable amounts of odd harmonics. 

On the Internal Resistance of Solid Bodies. %. Higuchi. 
(Technology Reports of the Tohoku Imperial University, 
1943, vol. 13, No. 3, pp. 389-408). The natural frequencies 
and damping capacities of cantilever specimens of mild steel, 
zinc, silver, brass, copper, aluminium, and duraluminium 
in vacuo have been studied and the internal resistance of 
solids investigated. The law of viscous resistance was found 
to be valid, especially for the state of low stresses.—R. A. R. 

Aircraft Non-Destructive we W. C. Hitt. (Non- 
Destructive Testing. 1949, vol. 8, Summer Issue, pp. 14-18). 

The development and use of ‘non-destructive methods of 
testing for aircraft components are described. It is shown in 
partic ular that the Zyglo fluorescent method of crack detec- 
tion was very efficient.—R. A. R. 

Railroad Non-Destructive Testing. A. S. Pedrick. (Non- 
Destructive Testing, 1949, vol. 8, Summer Issue, pp. 19-24). 
The particular uses in a Diesel locomotive works to which the 
Magnaflux, Magnaglo, Zyglo, gamma-ray radiographic, and 
supersonic methods of inspection are applied, are described 
with illustrated examples.—R. A. R. 

Petroleum Refinery Non-Destructive Testing. (i. U. Vergne. 
(Non-Destructive Testing, 1949, vol. 8, Summer Issue, pp. 
25-32). Several methods of non-destructive testing used in 
petroleum refineries are described. Differences in the thickness 
of tube walls can be found by noting differences in sound on 
tapping with a hammer, or small holes can be drilled and then 
welded up. The Audigage has proved very useful for furnace 
tubes over j in. thick. The Leak Vibroscope detects leaks 
in water, oil, gas, steam. and air lines by amplifying the sound 
produced by the escaping fluid. The vacuum seam tester 
consists of a small suction unit connected to a box with a giass 
top, the bottom of which can be sealed over the seam inside 
the tank to be tested ; the seam has been soaped beforehand, 
the presence of leaks is shown up by bubbles. Magnaflux and 
Zyglo are also used.—R. A. R. 

Hydrogen Embrittlement by the Electroplating of Steel. 
Part I. Pretreatment. U. Tragardh. (I.V.A., 1949, vol. 20, 
No. 5, pp. 193-217). [In Swedish]. Various factors affecting 
the absorption of atomic hydrogen during pretreatment of 
steel prior to electroplating were investigated. The hydrogen 
embrittlement was determined in two ways: (1) By the loss 
in bending value in an Amsler machine, and (2) by the 
constant-rate single bend test developed by C. A. Zappfe. 
When comparing different steels the amount of hydrogen 
absorbed per gramme of iron during the same pickling process 
cannot be taken as a measure of sensitivity to hydrogen 
embrittlement. When cathodic pickling in alkaline electrolytes 
small amounts of mercury and the cyanide and thiocyanide 
ions have a very marked influence on the embrittlement. 
By cathodic pickling in H,SO, the — nee of antimony or 
tellurium increases the embrittlement.—s. A. 

Relationship between Hydrogen Content and Ductility of 
Steels. S. Marshall, T. M. Garvey, and D. S. Llewelyn. 
(American Institute of Mining and Metallurgical Engineers, 
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Electric Furnace Steel Conference, Dec., 1948, vol. 6, pp. 
59-69). Several series of tests are reported in which the tensile 
properties of steel were determined in the as-rolled condition 
immediately after rolling, after ageing at 350° F., and after 
ageing at room temperature for various periods. In all cases 
both as-rolled and machined specimens increased in ductility 
with time. The reduction in area also increased with decreas- 
ing hydrogen content. Impact tests over the — 58° to +- 32 

F. range on specimens with hydrogen contents of 0-000091° 

and 0-000463°%, revealed that removing the hydrogen 
decreased very slightly the temperature of transition from 
tough to brittle fracture.—R. A. R. 

Method for the Study of Chemical Reactions Proceeding 
with Gas Evolution. Iu. V. Baimakov. (Zavodskaya Labora- 
toriya, 1949, vol. 15, Nov., pp. 1331-1333). [In Russian]. 
In the method described, the rate of gas evolution from a solid 
charge is measured by passing the gases through a calibrated 
flowmeter, the pressure in the system being simultaneously 
measured. Reactions can be studied at atmospheric or at low 
pressures. The method has been found satisfactory for 
investigating the reduction of metallic oxides and of silica 
with carbon, the reaction between metallic oxides and 
sulphides, and the evolution of hydrogen from metals. The 
experimental errors found varied from | to 10°,.—s. kK. 

Red-Shortness of Rails . Rolling Mills Caused by Copper 
Content. L. Szalay and J. Lantzky. (Banyuszati és Kohias- 
zati Lapok, 1949, vol. 4., packen pp. 334-341). [In Hungarian]. 
Red-shortness was observed in rails containing 0-2—0-6° 
of copper. Investigation has shown that this was not caused 
by the composition but by the treatment during the rolling 
process. At this mill the billets were heated in a pusher 
furnace, the time for passing through it was 6-7 hr., and 
the fuel contained 90°, producer gas with 10 to 12 
g./cu. m. of sulphur. Fewer passes were used to produce 
the rails than in another mill investigated by the authors: 
Tests showed that hot-shortness occured at 750-1000" C., 7.e., 
considerably below the melting point of copper, and was 
caused by iron—copper alloy inclusions of irregular shape which 
traversed several grain boundaries. It was found that these 
inclusions, formed during the rolling process, contained at least 
10-12°, of copper, and that heating in an oxidizing atmos- 
phere and shaping by application of pressure are necessary 
to cause their formation. These copper-rich grains extend 
inwards from the surface and appear in the decarburized 
zone about 1-1-5 mm. below the surface.—®. G. 

High Strength, Low Alloy Steels. (Product Engineering, 
1949, vol. 20, Oct., pp. 89-95). Some American high-strength 
low-alloy steels containing not more than 4-5°, of alloying 
elements are listed; these elements include from three to 
five of the elements silicon, copper, nickel, chromium, molyb- 
denum, zirconium, and aluminium. Data on the corrosion 
resistance and tensile, impact, and fatigue strengths are presen- 
ted and their fabrication and applications are discussed. 

R. A. R. 

Influence of the Elements on the Properties of Steels and 
Castings. J. Vasquez Lopez. (Anales de Mecanica y Electri- 
cidad, 1949, vol. 25, Sept.-Oct., pp. 281-288). [In Spanish}. 
This article deals systematically with the effects of molyb- 
denum, molybdenum plus chromium, nickel, nickel plus 
chromium, and of cobalt in high-speed steels and in cast iron. 
It is based on British, American, German, and Japanese work. 


R. S. 
> 


The Use of Phosphorus in Plain Carbon Steel Hoop. R. W. 
Sandelin. (Wire and Wire Products, 1949, vol. 24, Dec., pp. 
1122-1124). It is shown that phosphorus can be employed 
as a useful alloying element in steel for certain applications. 
For example, up to about 0-879, of phosphorus in 0-3, 
carbon steel strip raises the yield point and tensile strength 
with a slight loss in sengagenyl so that this material is vers 
suitable for barrel hoops.-—-R. 

Selection of Heat Resistant Steels. J. B. Henry. (Product 
Engineering, 1949, vol. 20, July, pp. 113-118; Aug., pp. 
113-115). Data on the strength, hardness, creep, expansion, 
scaling resistance, resistance to hydrogen sulphide and 
sulphur dioxide, and thermal conductivity of American Lron 
and Steel Institute stainless steels and some * super alloys ’ 
(Cr 20%, Ni 20%, Mo 4%, W 4%, Nb 4%, and Cr 21%, 
Ni 20%, Co 20%, Mo 3-0%, W 2-5%, Nb 1-0%, Nz, 0-10%) 
are presented and discussed.—- Rk. A. R. 

Corrosion- and Heat-Resisting Steels. ('. Sykes. (Instituto 
del Hierro y del Acero, 1948, vol. 1, Oct.-Dec., pp. 25-27). 
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{In Spanish]. The author reviews the development of stain- 
less steels since Brearley’s discovery and discusses the pro- 
perties of the ferritic and martensitic steels, the corrosion- 
resisting austenitic steels, and steels resistant to scaling and 
creep at high temperatures.—Rr. s. 

Iron, Mild Steels, and Low Alloy Steels. P. Larrabee and 
S. C. Snyder. (Industrial and Engineering Chemistry, 1949, 
vol. 41, Oct., pp. 2122-2124). Data from the literature on 
the application of iron, mild steel, and low-alloy steel in the 
chemical industry are reviewed, the information bringing up 
to date that presented in an earlier paper (see Journ. I. and 
S.I., 1949, vol. 161, Apr., p. 389).—R. A. R. 

Stainless Steels and Other Ferrous Alloys. M. H. Brown and 
W. B. DeLong. (Industrial and Engineering Chemistry, 1949, 
vol. 41, Oct., pp. 2139-2146). The literature in 1948 and early 
1949 on the properties and applications of stainless steels, 
heat-resisting steels, high-silicon irons, iron-nickel alloys, 
and austenitic manganese steels is reviewed. There are 194 
references.—R. A. R. 

Wire Ropes for Stressed Concrete. R. Baum. (Stahl und 
Eisen, 1949, vol. 69, Oct. 13, pp. 740-744). The purpose and 
advantages of prestressed concrete are pointed out and 
methods of construction described. The conditions which 
wire ropes for prestressing concrete must comply with are 
enumerated and the methods “4 ne are given with 
details of the end fastenings.—R. R. 

Tensile Strength and Chemical ‘Composition of Grey Cast 
Iron. E. Schmiegelow and J. M. Franca. (Boletim da 
Associagio Brasileira de Metais, 1949, vol. 5, No. 14, pp. 

7-40: Chemical Abstracts, 1949, vol. 43, July 25, col. 
5353). The formula of Heller and Jungbluth for the calcula- 
tion of the tensile strength of grey cast-iron bars is revised 
so that the chemical composition of the material is included, 
by replacing a by the G, of Heyn (3-2 « % C)/(13-54 — % 
Si). In this way the tensile strength can be estimated 
within + 5% in cast-iron bars of any diameter if Ge and the 
tensile strength of a 30-mm. bar taken from a larger sample 
are known. 

The Mechanical Properties Available in Cast Iron. J. E. 
Hurst. (Pig Iron Rough Notes, 1949, No. 108, pp. 19-25: 
Chemical Abstracts, 1949, vol. 43, July 25, col. 5352). The 
different classes of cast iron are reviewed with special refer- 
ence to their mechanical properties. The properties discussed 
include ultimate breaking strength, torsional fatigue strength, 
impact strength, modulus of elasticity and permanent set, 
damping capacity, hardness, and resistance to wear. 

Surface Roughness of Castings. G. Hobman. (American 
Machinist : Foundry Trade Journal, 1949, vol. 87, Nov. 10, 
pp. 579-580). A simple direct-reading instrument of the 
stylus type for the determination of the surface roughness of 
castings is described and its use is explained.—Rr. FE. 

. Comparison of Six Spring Steels. A. S. Kenneford and 
G. Ellis. (Journal of The Iron and Steel Institute, 1950, 
mos 164, Mar., pp. 265-277). Determination of the effect of 
temperature and grain growth of a series of spr ing steels 
when heated for 1 hr. under conditions similar to those in 
many industrial furnaces has shown that: (1) Of the four 
STA-2 steels (plain carbon, silicon-manganese, chromium— 
vanadium, and_ silicon-chromium, the silicon-manganese 
was the most susceptible to surface decarburization ; the 1% 
chromium 0-3% molybdenum steel was also badly decarbur- 
ized ; (2) the plain carbon steel was the worst of the four 
STA-2 steels as regards grain growth ; and (3) after tempering 
at temperatures in excess of about 375° C., oil-quenched 
specimens of each steel had a uniform hardness from edge to 
centre, irrespective of considerable differences in some of the 
steels before tempering. The second part of the paper deals 
with the Jominy hardenability and properties after heat- 
treatment. There was little difference in yield point or ulti- 
mate strength between the various compositions, the major 
differences being in reduction in area at fracture. Normal 
mechanical tests alone are of little use in assessing the effects 
of variation of composition and heat-treatment on the 
properties of spring steels. Fatigue tests do, however, em- 
phasize the deleterious effects of surface decarburization. 

RAR. 

Steels for Torsion-Bar Springs. H. Krainer and H. Wittig. 
(Verein deutscher Eisenhiittenleute, 1944, Confidential Report 
No. 66). The torsional fatigue strength, with various initial 
torques of bars, vp wren for four spring < gee (a, 
C 0-58%, Si 1-9% ; b, C 0-53%, Si 3-4%, Mn 1-3%; c, C 
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0-62%, Si 1-7%, Cr 1-3%; d, C 0-49%, Cr 1-0%, V 0-2°,,) 
in two conditions, namely, with heat-treatment sc omy and 
20 


polished after heat-treatment. The steel with about 2% of 


silicon had a favourable fatigue strength so that it could be 
employed for highly stressed torsion-bar springs up to 
30 mm. in dia. For larger diameters, the use of chromium 

silicon steel with small initial torques, and of chromium 

vanadium steel with higher initial torques is recommended. 
If silicon steel with 2% silicon is employed for highly loaded 
torsion-bar springs, it is advisable to make it in the electric 
furnace and to ensure adequate cleanliness.—G. w. A. 

The Development of Hot Working Steels with Low Content 
of Scarce Alloys for Shell Production. F. Bleiléb. (Verein 
deutscher Eisenhiittenleute, 1944, Confidential Report No. 

83). At the outbreak of war, a 4% tungsten steel, subsequent], 
2% tungsten, and later chromium-—molybdenum steels, wer 
used for piercing tools, drawing rings, and matrices, but tests 
were made in various steels to determine, in particular, if 
usable chromium-silicon—vanadium steel could be developed. 
About 14,000 tools were made of steels alloyed with tungsten, 
chromium-—molybdenum, chromium-—manganese, chromium 
silicon-vanadium, chromium-silicon—manganese, — silicon 
manganese, and manganese, and a 0-35% carbon steel was 
also used. The manufacture of shell blanks and maintenanc+ 
of the tools are described, as well as the defects which deve! 
oped. The steels were tested for hot tensile strength, resistance 
to tempering, transformation points, and coefficients of expan- 
sion. The production tests were analysed as frequency curve~ 
Tungsten steel was uneconomic. “er »] with up to 1% molybh- 
denum, with vanadium up to 0-5%, and chromium up to 
2-59 was useful. Chromium Silieon vanadium steel behave: 
well.—c. w. A. 

Hydroxide Content, Hardness, Internal Stress and Cathodic 
Polarization of Electrodeposited Iron. G. Wranglen. (Svensk 
Kemisk Tidskrift, 1949, vol. 61, May, pp. 100-113). [In 
English]. Brittle electrolytic iron. used for the production of 
iron powder, was found to contain submicroscopically 
dispersed oxide (deposited as hydroxide), determined by the 
loss of weight obtained by annealing in hydrogen at 950° | 
The loss of weight ranged from 0-2 to 2%. Hydroxide 
content, microhardness, and internal stress, the latter meas- 
ured as the width of the strongest X-ray diffraction line, wer 
all found to vary with plating variables in the same way ac 
the cathodic polarization, measured during deposition, ¢.¢.. 
to decrease rapidly with an increase of temperature, to 
increase with current density, and to show a downward trend 
with an increase in pH.—4J. A. 

On the Influence of Acetic Acid on the Structure and 
Properties of Electrodeposited Iron. G. Wranglén. (Svensk 
Kemisk Tidskrift, 1949, vol. 61. Nov., pp. 246-252). [In 
English]. During investigations on the structure and proper- 
ties of brittle electrolytic iron, remarkable effects on the pro 
perties of electrodeposited iron by the addition of small 
amounts of acetic acid to the electrolyte were observed. 
An extraordinarily high content of dispersed oxide is obtained 
and the loss of weight on annealing in hydrogen amounted to 
6%. The main results are in accordance with those recent] 
described by E. Raub on the influence of higher contents of 
non-metallic substances on the ee and properties of 
electrodeposited copper and silver.—J. 

Iron—Manganese and Iron-Manganese Nickel Alloys. I. R. 
Kramer, 8S. L. Toleman, and W. T. Haswell. (American 
Society for Metals, Oct., 1949, Preprint No. 7). The therma! 
and mechanical behaviour of a series of iron—manganese 
alloys was studied in order to develop alloys which, when 
slowly cooled from the austenitizing temperature, exhibited 
strength and ductility properties equivalent to those of 
quenched and tempered steels. The instability of the aus- 
tenite, formed during tempering, was overcome by the addi- 
tion of nickel. 

Tool Steels. The Development of New Types. H. Carr. 
(Iron and Steel, 1949, vol. 22, Sept., pp. 413-416). The author 
reviews the recent work of various investigators on tool steels. 
Developments in hot die steels, air-hardening cold work 
steels, graphitic steels, cold-hobbing steels, and glass-moulding 
steels are briefly surveyed.—J. C. R. 

Overvoltage in the Oxidation-Reduction System Ferrous- 
Iron /Ferric-Iron. E. Lewartowicz. (Comptes Rendus, 194%, 

vol. 229, Dec. 14, pp. 1326-1328). The results of a simultane- 
ous study of the electrolytic oxidation and reduction reactions 
in the ferrous-iron/ferric-iron system are presented. The 
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electrolyte consisted of normal sulphuric acid containing iron 
salts such that the concentration of ferrous plus ferric iron 
was kept constant at 0-01 N, and the anodic and cathodic 
curves for each solution were taken alternately and at several 
temperatures.—A. E. C. 


METALLOGRAPHY 


The Electrostatic Electronic Microscope. J. Garrido. 
(Anales de Mecanica y Electricidad, 1949, vol. 25, Sept.—Oct., 
pp. 274-280). [In Spanish]. The characteristics and advan- 
tages of this microscope are described.—R. s. 

Cathodic Vacuum Etching of Metals. D. M. McCutcheon 
and W. Pahl. (Metal Progress, 1949, vol. 56, Nov., pp. 674- 
679). An apparatus for etching metal specimens, by subjecting 
them to ion bombardment in a vacuum chamber. and some 
results obtained are described. Typical operating conditions 


are: (a) Residual gas pressure 0-025 mm. Hg: (6) D.C. of 


10 milliamp. at 3800 V. ; and (c) the time varies with the metal, 
but may be 14 hr. Extraordinarily fine detail is retained and 
photographic copying can be used at several hundred magni- 
fications. The micrographs reproduced show the grain-flow 
lines in forgings, a spot weld in low-carbon steel sheet, and 
hard-faced exhaust valves. (A very abridged account is given 
in Steel Processing, 1949, vol. 35, Nov., pp. 590-591).—R. A. R. 

Corrosion Figures on Ferrosilicons. A. Antonioli and A. 
Ferri. (Société Francaise de Métallurgie, Oct. 19, 1948: 
tevue de Métallurgie, Mémoires, 1949, vol. 46, Sept., pp. 
627-636). The tests described were made on a transformer 
steel with 4% of silicon, 0-08°,, of carbon, 0-1°,, of manganese 
and 0-03°, each of sulphur and phosphorus. The first part 
of the paper describes the authors’ attempts to produce 
corrosion figures; ordinary etching methods were not 
successful, but electrolytic etching with an aqueous solution 
of ammonium persulphate (one of the numerous solutions 
tried) gave good results. The method of operation is described, 
and the interpretation of the figures and the mechanism of 
their formation are discussed. The second part of the paper 
deals with the relation between the electrode potential and 
the crystal orientation ; the authors conclude (with some 
reservation due to an experimental limitation encountered 
in their work) that two single crystals of ferrosilicon of differ- 
ent orientations have different electrode potentials, and that 
the definition of the degree of electrochemical nobleness 
relative to the faces of crystals of different orientations 
depends on the nature of the electrolyte. The electrochemical 
properties, and the corrosion resistance, being related to the 
crystal orientation, the differences and scatter of potential 
values in corrosion measurements may, at least in part, be 
due to differences in orientation of the grains in polycrystal- 
line metal.—a. E. ¢ 

Simple Device for the Simultaneous Automatic Grinding 
and Preparation of Three Metallographic Specimens. (Hutnické 
Listy, 1949, vol. 4. July. p. 230). [In Czech]. A simple 
attachment is described which enables three metallographic 
specimens of different shapes to be ground simultaneously. 
The advantage is that the pressure applied to the surface of 
the specimen is very small. The treated surface of the speci- 
men is held parallel to the polishing surface and the speci- 
mens rotate during grinding.—k. G 

A Method of Particle Size Determination by Means of the 
Microscope. V. D. Fréchette and H. I. Sephton. (American 
Ceramic Society Bulletin, 1949, vol. 28, Dec. 15, pp. 496-497) 
A method for the microscopical determination of the size 
of particles in the subsieve range is described. The sample is 
dispersed in warm raw Canada balsam and the particles are 
classified according to Martin’s diameter (the line, parallel 
to the direction of travel of the microscope stage, which bisects 
the area of the particle) by means of an external scale visible 
through the camera lucida. Three magnifications are used to 
classify particles into three size ranges, 36 to 72 microns, 
12 to 36 microns, and 1-5 to 12 microns. An internal standard 
is used to reduce the counts to a common basis and the data 
can be represented in the form of distribution curves.——R. F. F. 

Grain Size of Steels. J. Apraiz. (Acero y Energia, 1949, 
vol. 6, July-Aug., pp. 8-15). [In Spanish]. The article 
surveys the dev elopment of grain-size studies and gives a table 
showing the influence of grain-size on the wontons of steels. 
The growth of austenite grains and its relation to temperature 
and the phenomena on which methods of determining 
grain-size are based, are described. Finally, the author out- 
lines recommended processes for determining the grain-size 
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of hypoeutectoid carbon and alloy steels, hypereutectoid 
eutectoid, and case-hardening steels. Factors affecting the 
choice of method and some notes on the fracture test for 
tool steels are given.—R. Ss. 

Rapid Method for Determining the Distribution of Spherical 
Particles by Sizes in an Opaque Structure. A. G. Spektor. 
(Zavodskaya Laboratoriya, 1949, vol. 15, Sept., pp. 1134—- 
1135). [In Russian]. Equations are proposed for the rapid 
determination of the size distribution of particles in an 
opaque structure, and their use is illustrated by such a deter- 
mination of the carbide phase in hardened ball-bearing steel. 

8% 

The Determination of the Orientation of Large Mono- 
Crystals. Iu. A. Bagaryatskii and E. V. Kolontsova. (Zavod- 
skaya Laboratoriya, 1949, vol. 15, Sept., pp. 1062-1071). 
[In Russian]. Apparatus and method are described for 
determining the orientation of large single crystals in polished 
sections by X-ray reflection. An account of the use of this 
technique with a crystal of iron is given as an example.—s. kK. 

On the Evaluation of the Grain Structure of Metals. 8. A. 
Saltykov. (Zavodskaya Laboratoriya, 1949, vol. 15, Sept., 
pp. 1114-1126). [In Russian]. Defects are pointed out in the 
A.S.T.M. system of grain-size measurements for steels and in 
other methods based on the measurement of the number of 
grains visible in a section of given area. It is suggested that 
the specific surface (total surface of grains in square milli- 
metres per cubic millimetre of the material) is a better 
criterion of the properties of the material than those charac- 
terized by grain-size. Numerous illustrations are taken from 
the literature in support of this suggestion.—s. kK. 

On the Calculation of the Size-Distribution Curve for 
Three-Dimensional Grains. S. A. Saltykov. (Zavodskaya 
Laboratoriya, -1949, vol. 15, Nov., pp. 1317-1319). [In 
Russian]. A table of coefficients is given for the calculation of 
the size distribution of grains, assumed to be spherical, from a 
study of the size distribution of their sections in a polished 
section of the specimen. The greatest number of groups into 
which the table allows the section diameters to be divided 
is 15, five being the smallest number for satisfactory accuracy. 
As an example, the method is applied to the determination 
of the size distribution of grains of temper carbon in a speci- 
men of wrought iron.—s. K. 

Relationships between the Dispersion Characteristics of 
Heterogeneous Structures. A. G. Spektor. (Zavodskaya 
Laboratoriya, 1949, vol. 15, Nov., pp. 1314-1316). [In 
Russian}. Equations are deduced for the calculation of the 
volume-percentage and interparticle distances of the dis- 
persed phase in a two-phase structure from microscopical 
measurements of the intercepts made by the phase boundaries 
on an arbitrarily drawn straight line of unit length. As an 
example, the equations are used to calculate the characteris- 
tics of the carbide phase after various heat-treatments of a 
steel containing 1° of carbon and 1-4°, of chromium, and it 
is shown that the process of the solution of this phase does 
not change its surface-volume ratio.—s. kK. 

Influence of the Chemical Gunnasition of Hypoeutectoid 
Steels on the Ac, Temperature and the Optimum Hardening 
Temperature. F. Sicha. (Hutnické Listy, 1949, vol. 4, June, 
pp. 169-174). [In Czech]. The possibility of using dilato- 
metric test data for determining the influence of the heating 
and cooling velocities on the transformation temperature of 
hypoeutectoid steels is examined and it is shown how the 
Ac, points and the optimum hardening temperatures can 
be rapidly determined with a dilatometer. The author made 
a statistical investigation of the influence of carbon, mangan- 
ese, silicon, nickel, chromium, molybdenum, and vanadium 
cn the Ac, temperature and compared the calculated values 
with those obtained by dilatometric methods. Hardening 
tests were carried out with normalized specimens which had 
been quenched from Ac, temperatures determined by 
dilatometric methods and from higher temperatures increased 
by steps of 20° C. The sizes of the gamma grains of the 
quenched specimens were determined metallographically 
and were also calculated by R. R. Abbott’s equation. It is 
recommended that the upper and lower limits of the harden- 
ing temperatures for a given hypoeutectoid steel should not 
exceed Ac, + 50° C. and Ac, + 30° C. respectively. The 
paper includes diagrams of the results of — arse} tests 
on the Czech steel 12040 (0-32% C, 0-67% Mn, 0-31% S 
0-018% P, 0-024% 8S, 0-18% Cu, 0.06% Ni, ( 119, Cr. 
0-017% Mo). steel 13260 (0-64% C, 0-91% Mn, 1-01% Si 
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[In Spanish]. The author reviews the development of stain- 
less steels since Brearley’s discovery and discusses the pro- 
perties of the ferritic and martensitic steels, the corrosion- 
resisting austenitic steels, and steels resistant to scaling and 
creep at high temperatures.—R. s. 

Iron, Mild Steels, and Low Alloy Steels. C. P. Larrabee and 
8. C. Snyder. (Industrial and Engineering Chemistry, 1949, 
vol. 41, Oct., pp. 2122-2124). Data from the literature on 
the application of iron, mild steel, and low-alloy steel in the 
chemical industry are reviewed, the information bringing up 
to date that presented in an earlier paper (see Journ. I. and 
S.I., 1949, vol. 161, Apr., p. 389).—R. A. R. 

Stainless Steels and Other Ferrous Alloys. M. H. Brown and 
W. B. DeLong. (Industrial and Engineering Chemistry, 1949, 
vol. 41, Oct., pp. 2139-2146). The literature in 1948 and early 
1949 on the properties and applications of stainless steels, 
heat-resisting steels, high-silicon irons, iron-nickel alloys, 
and austenitic manganese steels is reviewed. There are 194 
references.—R. A. R. 

Wire Ropes for Stressed Concrete. RK. Baum. (Stahl und 
Eisen, 1949, vol. 69, Oct. 13, pp. 740-744). The purpose and 
advantages of prestressed concrete are pointed out and 
methods of construction described. The conditions which 
wire ropes for prestressing concrete must comply with are 
enumerated and the methods of prestressing are given with 
details of the end fastenings.—R. A. R. 

Tensile Strength and Chemical Composition of Grey Cast 
Iron. E. Schmiegelow and J. M. Franca. (Boletim da 
Associagéo Brasileira de Metais, 1949, vol. 5, No. 14, pp. 
27-40: Chemical Abstracts, 1949, vol. 43, July 25, col. 
5353). The formula of Heller and Jungbluth for the calcula- 
tion of the tensile strength of grey cast-iron bars is revised 
so that the chemical composition of the material is included, 
by replacing a by the G, of Heyn (3-2 « % C)/(13-54 — ° 
Si). In this way the tensile strength can be estimated 
within + 5% in cast-iron bars of any diameter if Ge and the 
tensile strength of a 30-mm. bar taken from a larger sample 
are known. 

The Mechanical Properties Available in Cast Iron. J. E. 
Hurst. (Pig Iron Rough Notes, 1949, No. 108, pp. 19-25: 
Chemical Abstracts, 1949, vol. 43, July 25, col. 5352). The 
different classes of cast iron are reviewed with special refer- 
ence to their mechanical properties. The properties discussed 
include ultimate breaking stre i torsional fatigue strength, 
impact strength, modulus of elasticity and permanent set, 
damping capacity, hardness, and resistance to wear. 

Surface Roughness of Castings. G. Hobman. (American 
Machinist : Foundry Trade Journal, 1949, vol. 87, Nov. 10, 
pp. 579-580). A simple direct-reading instrument of the 
stylus type for the determination of the surface ae of 

castings is described and its use is explained.— E. 
A Comparison of Six Spring Steels. A. 8. Kenneford and 
C. Ellis. (Journal of The Iron and Steel Institute, 1950, 
vol. 164, Mar., pp. 265-277). Determination of the effect of 
temperature and grain growth of a series of spring steels 
when heated for 1 hr. under conditions similar to those in 
many industrial furnaces has shown that: (1) Of the four 
STA-2 steels (plain carbon, silicon—manganese, chromium— 
vanadium, and_ silicon-chromium, the silicon-manganese 
was the most susceptible to surface decarburization ; the 1% 
chromium 0-3% molybdenum steel was also badly decarbur- 
ized ; (2) the plain carbon steel was the worst of the four 
STA-2 steels as regards grain growth ; and (3) after tempering 
at temperatures in excess of about 375° C., oil-quenched 
specimens of each steel had a uniform hardness from edge to 
centre, irrespective of considerable differences in some of the 
steels before tempering. The second part of the paper deals 
with the Jominy hardenability and properties after heat- 
treatment. There was little difference in yield point or ulti- 
mate strength between the various compositions, the major 
differences being in reduction in area at fracture. Normal 
mechanical tests alone are of little use in assessing the effects 
of variation of composition and heat-treatment on the 
properties of spring steels. Fatigue tests do, however, em- 
phasize the deleterious effects of surface decarburization. 
R. A. R. 

Steels for Torsion-Bar Springs. H. Krainer and H. Wittig. 
(Verein deutscher Eisenhiittenleute, 1944, Confidential Report 
No. 66). The torsional fatigue strength, with various initial 
= of bars, “99 erent for four spring steels (a, 

0-58%, Si 1-9%; b, C 0-538%, Si 3-4%, Mn 1-3%; ¢, C 
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0-62%, Si 1-7%, Cr 1-3%; d, C 0-49%, Cr 1-0%, V 0-2%) 
in two conditions, namely, with heat-treatment scale and 


polished after heat-treatment. The steel with about 2% of 


silicon had a favourable fatigue strength so that it could be 
employed for highly stressed torsion-bar springs up to 
30 mm. in dia. For larger diameters, the use of chromium 
silicon steel with small initial torques, and of chromium 
vanadium steel with higher initial torques is recommended. 
If silicon steel with 2% silicon is employed for highly loaded 
torsion-bar springs, it is advisable to make it in the electri 
furnace and to ensure adequate cleanliness.—G. w. A. 

The Development of Hot Working Steels with Low Content 
of Scarce Alloys for Shell Production. F. Bleiléb. (Verein 
deutscher Eisenhiittenleute, 1944, Confidential Report No. 

$3). At the outbreak of war, a 4% tungsten steel, subsequent], 
2% tungsten, and later chromium—molybdenum steels, wer 
used for pierce ing tools, drawing rings, and matrices, but tests 
were made in various steels to determine, in particular, if « 
usable chromium-silicon—vanadium steel could be developed. 
About 14,000 tools were made of steels alloyed with tungsten, 
chromium—molybdenum, chromium-—manganese, chromium 
silicon—vanadium, chromium-silicon—manganese, _ silicon 
manganese, and manganese, and a 0-35% carbon steel was 
also used. The manufacture of shell blanks and maintenanc 
of the tools are described, as well as the defects which deve 
oped. The steels were tested for hot tensile strength, resistanc 
to tempering, transformation points, and coefficients of expan 
sion. The production tests were analysed as frequency curve- 
Tungsten steel was uneconomic. Steel with up to 1% molyh- 
denum, with vanadium up to 0-5%, and chromium up 1 
2-5 was useful. Chromium-silicon—vanadium steel behave: 
well.—G. w. A. 

Hydroxide Content, Hardness, Internal Stress and Cathodic 
Polarization of Electrodeposited Iron. G. Wranglén. (Svensk 
Kemisk Tidskrift, 1949, vol. 61, May, pp. 100-113). [In 
English]. Brittle electrolytic iron. used for the production of 
iron powder, was found to contain submicroscopically 
dispersed oxide (deposited as hydroxide), determined by thi 
loss of weight obtained by annealing in hydrogen at 950° ( 
The loss of weight ranged from 0-2 to 2%. Hydroxide 
content, microhardness, and internal stress, the latter meas 
ured as the width of the strongest X-ray diffraction line, wer 
all found to vary with plating variables in the same way as 
the cathodic polarization, measured during deposition, 7... 
to decrease rapidly with an increase of temperature, to 
increase with current density, and to show a downward trend 
with an increase in pH.—J. a. 

On the Influence of Acetic Acid on the Structure and 
Properties of Electrodeposited Iron. G. Wranglén. (Svensk 
Kemisk Tidskrift, 1949, vol. 61. Nov., pp. 246-252). [In 
English]. During investigations on the structure and proper- 
ties of brittle electrolytic iron, remarkable effects on the pro- 
perties of elec ‘trodeposited iron by the addition of small 
amounts of acetic acid to the electrolyte were observed. 
An extraordinarily high content of dispersed oxide is obtained 
and the loss of weight on annealing in hydrogen amounted to 
6%. The main results are in accordance with those recent] 
described by E. Raub on the influence of higher contents ot 
non-metallic substances on the saan and properties of 
electrodeposited copper and _ silver.—J. 

Iron—Manganese and Iron-Manganese- Nickel Alloys. I. R. 
Kramer, S. L. Toleman, and W. T. Haswell. (American 
Society for Metals, Oct., 1949, Preprint No. 7). The therma! 
and mechanical behaviour of a series of iron—manganese 
alloys was studied in order to develop alloys which, when 
slowly cooled from the austenitizing temperature, exhibited 
strength and ductility properties equivalent to those of 
quenched and tempered steels. The instability of the aus- 
tenite, formed during tempering, was overcome by the addi- 
tion of nickel. 

Tool Steels. The Development of New Types. H. Carr. 
(Iron and Steel, 1949, vol. 22, Sept., pp. 413-416). The author 
reviews the recent work of various investigators on tool steels. 
Developments in hot die steels, air-hardening cold work 
steels, graphitic steels, cold-hobbing steels, and glass-moulding 
steels are briefly surveyed.—J. C. R. 

Overvoltage in the Oxidation-Reduction System Ferrous- 
Iron /Ferric-Iron. E. Lewartowicz. (Comptes Rendus, 1949, 
vol. 229, Dec. 14, pp. 1326-1328). The results of a simultane- 
ous study of the electrolytic oxidation and reduction reactions 
in the ferrous-iron/ferric-iron system are presented. The 
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electrolyte consisted of normal sulphuric acid containing iron 
salts such that the concentration of ferrous plus ferric iron 
was kept constant at 0-01 , and the anodic and cathodic 
curves for each solution were taken alternately and at several 
temperatures.—aA. E. C. 


METALLOGRAPHY 


The Electrostatic Electronic Microscope. J. Garrido. 
(Anales de Mecanica y Electricidad, 1949, vol. 25, Sept.—Oct., 
pp. 274-280). [In Spanish]. The characteristics and advan- 
tages of this microscope are described.—Rr. s. 

Cathodic Vacuum Etching of Metals. D. M. McCutcheon 
and W. Pahl. (Metal Progress, 1949, vol. 56, Nov., pp. 674- 
679). An apparatus for etching metal specimens, by subjecting 
them to ion bombardment in a vacuum chamber, and some 
results obtained are described. Typical operating conditions 
are: (a) Residual gas pressure 0-025 mm. Hg; 
10 milliamp. at 3800 V. ; and (c) the time varies with the metal, 
but may be 14 hr. Extraordinarily fine detail is retained and 
photographic copying can be used at several hundred magni- 
fications. The micrographs reproduced show the grain-flow 
lines in forgings, a spot weld in low-carbon steel sheet, and 
hard-faced exhaust valves. (A very abridged account is given 
in Steel Processing, 1949, vol. 35, Nov., pp. 590-591).—-R. A. R. 

Corrosion Figures on Ferrosilicons. A. Antonioli and A. 
Ferri. (Société Francaise de Métallurgie, Oct. 19, 1948: 
Revue de Métallurgie, Mémoires, 1949, vol. 46, Sept., pp. 
627-636). The tests described were made = a transformer 
steel with 4°%, of silicon, 0-08°,, of carbon, 0-1°,., of manganese 
and 0-03°, each of sulphur and orabice-vhti The first part 
of the paper describes the authors’ attempts to produce 
corrosion figures; ordinary etching methods were not 
successful, but electrolytic etching with an aqueous solution 
of ammonium persulphate (one of the numerous solutions 
tried) gave good results. The method of operation is described, 


and the interpretation of the figures and the mechanism of 


their formation are discussed. The second part of the paper 
deals with the relation between the electrode potential and 
the crystal orientation; the authors conclude (with some 
reservation due to an experimental limitation encountered 
in their work) that two single crystals of ferrosilicon of differ- 
ent orientations have different electrode potentials, and that 
the definition of the degree of electrochemical nobleness 
relative to the faces of crystals of different orientations 
depends on the nature of the electrolyte. The electrochemical 
properties, and the corrosion resistance, being related to the 
crystal orientation, the differences and scatter of potential 
values in corrosion measurements may, at least in part, be 
due to differences in orientation of the grains in polyerystal- 
line metal.—a. E. ©. 

Simple Device for the Simultaneous Automatic Grinding 
and Preparation of Three Metallographic Specimens. (Hutnicke 
Listy, 1949, vol. 4, July. p. 230). [Im Czech]. A simple 
attachment is described which enables three metallographic 
specimens of different shapes to be ground simultaneously. 


The advantage is that the pressure applied to the surface of 


The treated surface of the speci- 


the specimen is very small. 
and the 


men is held parallel to the — surface 
mens rotate during grinding.—s. 

A Method of Particle Size Determination by Means of the 
Microscope. V. D. Fréchette and H. I. Sephton. (American 
Ceramic Society Bulletin, 1949, vol. 28, Dec. 15, pp. 496-497) 
A method for the microscopical determination of the size 
of particles in the subsieve range is described. The sample is 
dispersed in warm raw Canada balsam and the particles are 
classified according to Martin’s diameter (the line, parallel 
to the direction of travel of the microscope stage, which bisects 
the area of the particle) by means of an external scale visible 
through the camera lucida. Three magnifications are used to 
classify particles into three size ranges, 36 to 72 microns, 
12 to 36 microns, and 1-5 to 12 microns. An internal standard 
is used to reduce the counts to a common basis and the data 
can be represented in the form of distribution curves.—R. F. F. 

Grain Size of Steels. J. Apraiz. (Acero y Energia, 1949, 
vol. 6, July—Aug., pp. 8-15). [In Spanish]. The article 
surveys the development of grain-size studies and gives a table 
showing the influence of grain-size on the properties of steels. 
The growth of austenite grains and its relation to temperature 
and the phenomena on which methods of determining 
grain-size are based, are described. Finally, the author out- 
lines recommended processes for determining the grain-size 


speci- 
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(b) D.C. of 


steels, hypereutectoid 
Factors affecting the 
fracture test for 


of hypoeutectoid carbon and alloy 
eutectoid, and case-hardening steels. 
choice of method and some notes on the 
tool steels are given.—R. Ss. 

Rapid Method for Determining the Distribution of Spherical 
Particles by Sizes in an Opaque Structure. A. G. Spektor. 
(Zavodskaya Laboratoriya, 1949, vol. 15, Sept., pp. 1134- 
1135). [In Russian]. Equations are proposed for the rapid 
determination of the size distribution of particles in an 
opaque structure, and their use is illustrated by such a deter- 
mination of the carbide phase in hardened ball-bearing steel. 

Ss. K. 

The Determination of the Orientation of Large Mono- 


Crystals. Iu. A. Bagaryatskii and E. V. Kolontsova. (Zavod- 
skaya Laboratoriya, 1949, vol. 15, Sept., pp. 1062-1071). 


{In Russian]. Apparatus and method are described fo 
determining the orientation of large single crystals in polished 
sections by X-ray reflection. An account of the use of this 
technique with a crystal of iron is given as an example.—s. kK. 

On the Evaluation of the Grain Structure of Metals. 8. A. 
Saltykov. (Zavodskaya Laboratoriya, 1949, vol. 15, Sept., 
pp. 1114-1126). [In Russian]. Defects are pointed out in the 
A.S.T.M. system of grain-size measurements for steels and in 
other methods based on the measurement of the number of 
grains visible in a section of given area. It is suggested that 
the specific surface (total surface of grains in square milli- 
metres per cubic millimetre of the material) is a_ better 
criterion of the properties of the material than those charac- 
terized by grain-size. Numerous illustrations are taken from 
the literature in support of this suggestion.—s. kK. 

On the Calculation of the Size-Distribution Curve for 
Three-Dimensional Grains. S. A. Saltykov. (Zavodskaya 
Laboratoriya, 1949, vol. 15, Nov., pp. 1317-1319). [In 
Russian]. A table of coefficients is given for the calculation of 
the size distribution of grains, assumed to be spherical, from a 
study of the size distribution of their sections in a polished 
section of the specimen. The greatest number of groups into 
which the table allows the section diameters to be divided 
is 15, five being the smallest number for satisfactory accuracy. 
As an example, the method is applied to the determination 
of the size distribution of grains of temper carbon in a speci- 
men of wrought iron.—s. K. 

Relationships between the Dispersion Characteristics of 
Heterogeneous Structures. A. G. Spektor. (Zavodskaya 
Laboratoriya, 1949, vol. 15, Nov., pp. 1314-1316). [In 
Russian]. HEquations are deduced for the calculation of the 
volume-percentage and interparticle distances of the dis- 
persed phase in a two-phase structure from microscopical 
measurements of the intercepts made by the phase boundaries 
on an arbitrarily drawn straight line of unit length. As an 
example, the equations are used to calculate the characteris- 
tics of the carbide phase after various heat-treatments of a 
steel containing 1% of carbon and 1-4°, of chromium, and it 
is shown that the process of the solution of this phase does 
not change its surface-volume ratio.—s. kK. 

Influence of the Chemical Composition of Hypoeutectoid 
Steels on the Ac; Temperature and the Optimum Hardening 
Temperature. F. Sicha. (Hutnické Listy, 1949, vol. 4, June, 
pp. 169-174). {In Czech]. The possibility of using dilato- 
metric test data for determining the influence of the heating 
and cooling velocities on the transformation temperature of 
hypoeutectoid steels is examined and it is shown how the 
Ac; points and the optimum hardening temperatures can 
be rapidly determined with a dilatometer. The author made 
a statistical investigation of the influence of carbon, mangan- 
ese, silicon, nickel, chromium, molybdenum, and vanadium 
cn the Ac, temperature and compared the calculated values 
with those obtained by dilatometric methods. Hardening 
tests were carried out with normalized specimens which had 
been quenched from Ac, temperatures determined by 
dilatometric methods and from higher temperatures increased 
by steps of 20° C. The sizes of the gamma grains of the 
quenched specimens were determined metallographically 
and were also calculated by R. R. Abbott’s equation. It is 
recommended that the upper and lower limits of the harden- 
ing temperatures for a given hypoeutectoid steel should not 
exceed Ac, + 50° C. and Ac, + 30° C. respectively. The 
paper includes diagrams of the results of dilatometric tests 

0-67% Mn, ° 31% Si, 


on the Czech steel 12040 (0-32% C, 
0-018% P, 0-024% 8S, 0-18% Cu, 0.06% Ni, 0-11% = 


0-017% Mo), steel 13260 (0-64% C, 0-91% Mn, 1-01% 8S 
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0-024% P, 0-027% 8S, 0-19% Cu, 0-15% Ni, 0-12% Cr, 
0.023% Mo), and a boiler steel (0-13% C, 0-61% Mn, 0-17% 
Si, 0-019% P, 0.019% 8, 0-27% Cu, 0-60% Cr, 0-42% Mo). 

E. G. 

Martensite Transformation. L. Jeniéek. (Hutnické Listy, 
1949, vol. 41, Oct., pp. 309-316). [In Czech]. The present 
knowledge of martensite transformation is reviewed and 
methods for the determination of the beginning of this trans- 
formation are described. A method in which impact bend 
tests on notch-free specimens 4 xX 4 60 mm. are used is 
given in detail. The specimens are fractured at the quenching 
temperature and if this is lowered below Ms there is a sudden 
drop in the impact value. Test results obtained with this 
method for several Poldi steels are presented. The importance 
of knowing the Ms temperature of a steel when determining 
the depth of the carburized or decarburized surface layer is 
emphasized ; so also is its importance in heat-treatment pro- 
cesses.—E. G. 

On the Constitution of Ternary Alloys. T. Hirone and T. 
Katayama. (Science Reports of the Téhoku Imperial Uni- 
versity, 1942, vol. 30, No. 2, pp. 109-124). The constitution 
of ternary alloys has been studied by calculating the free 
energy of the alloys. The solubility limits in the equilibrium 
diagrams of the Fe-Ni-Cu and Ag—Cu-—Ni types are explained 
in terms of the authors’ theory.—k. A. R. 

The Effect of Vanadium and Carbon on the Constitution 
of High-Speed Steel. D. J. Blickwede, M. Cohen, and G. A. 
Roberts. (American Society for Metals, Oct. 1949, Preprint 
No. 3). The constitution of 6% tungsten, 5% molybdenum, 
4% chromium high-speed steel has been studied as a function 
of vanadium, carbon, and temperature. The principal methods 
of investigation consisted of electrolytic extraction, chemical 
analysis, X-ray diffraction, and quantitative metallography. 
There are four excess (non-matrix) phases in this system : 
M,C—a complex tungsten-molybdenum-rich carbide ; MgC. 

a chromium-rich carbide ; MC (or M,C,)—a vanadium-rich 
carbide ; and M,R,—essentially an (iron)—(tungsten, molyb- 
denum) intermetallic compound. (M denotes the sum of the 
various metal atoms). In the annealed steels, vanadium addi- 
tions at any given carbon level promote the formation of MC, 
causing the progressive disappearance of M,,(, first and M,C 
next, and resulting in a build-up of chromium, tungsten, and 
molybdenum in the ferritic matrix. However, the matrix 
accepts only limited quantities of these elements from the 
disappearing carbides, the balance going into the carbon-free 
compound M,R,. The amount of vanadium required to effect 
any of these changes increases with the carbon content. 
None of the compositions contain M,R, and M,,(, simultane- 
ously. Those that contain M,R, remain ferritic on heating, 
and therefore cannot be quench-hardened. Those with 
M,,C, austenitize readily on heating and can be quenched to 
form martensite. Both the M,R, and M,,C, dissolve completely 
on heating, M,C partially, and MC hardly at all. The range of 
potentially useful compositions in this series is limited by 
considerations of forgeability, conversion of the ferrite to 
austenite on heating, formation of intergranular 6-ferrite 
during austenitizing, and quantity of austenite retained. 
The dependence of these factors on the vanadium and carbon 
contents is discussed in detail. 


CORROSION 


The Passivity of Metals. Part X—The Mechanism of Direct 
Dissolution of Ferric Oxide. M. J. Pryor and U. R. Evans. 
(Journal of the Chemical Society, 1949, Dec., pp. 3330-3336). 
Alpha-ferric oxide has been found to dissolve comparatively 
rapidly in hydrofluoric or concentrated hydrochloric acid, 
which readily form soluble complexes with ferric ions. In 
dilute solutions of hydrochloric, sulphuric, or perchloric acid, 
which do not easily form these complexes, the rate of dissolu- 
tion falls off with time, and the resulting solutions contain 
ferrous iron. This may be attributed to preferential attack 
at surface defects involving oxygen deficiency and conse- 
quently the presence of ferrous irons in the oxide lattice. 
The fact that the dissolution is the same in dilute solutions 
of these three acids of equivalent concentrations, and is not 
influenced by additional chloride ions, suggests that the impor- 
tant step in the reaction is the combination of adsorbed 
hydrogen ions with oxygen ions belonging to the oxide 
lattice. The more rapid dissolution of hydrated oxides is 
considered to be due to the relative ease of breaking of the 
hydroxyl bonds believed to be present in these compounds. 
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Action of Organic Acids on Metals. V. D. Yakhontoy. 
(Journal of Applied Chemistry, U.S.S.R., 1946, vol. 19, pp. 
761-772: British Abstracts, BI, 1949, Apr., cols. 252-253), 
The corrosion of steel (0-15% C, 0-25% Mn, 0-05% 8, 0-01% 
Cu), aluminium, lead, copper, and tin by the following acids 
was studied: Formic, acetic, propionic, butyric, valeric, 
oxalic, malonic, succinic, pimelic, maleic, lactic, malic, 
tartaric, and citric. The action was measured mainly by the 
loss of weight after exposure for 24 hr. to solutions of various 
concentrations, and also by the square-drop method of Evans 
and Mears. The initial corrosion of steel was also measured 
photocolorimetrically. The action of acids of the same class 
decreases as the dissociation constant falls and as chain length 
increases, but no strict proportionality occurs. No relation 
between dissociation constant, structure, and corrosion was 
found for the hydroxyacids. Relations between rate of cor- 
rosion, concentration, and temperature were determined. 
The corrosion rate is highest in the first few seconds of the 
action, and becomes constant after 20-40 hr. 

Electrochemical Behaviour of Zinc and Steel in Aqueous 
Media. R. B. Hoxeng and C. F. Prutton. (Corrosion, 1949, 
vol. 5, Oct., pp. 330-338). Investigations by the Committee 
on Steel Pipe Research of the American Iron and Steel Insti- 
tute on the factors affecting the reversal from anodic to 
cathodic behaviour of zine to steel are reported, the factors 
being temperature and composition of electrolyte. Reversals 
were obtained in zinc-steel couples and were attributed to 
changes in the potential of zine specimens. Electrolyte 
composition is a more important factor than temperature. 
In the absence of oxygen no reversals were observed even at 
high temperatures. In the presence of oxygen, sulphates and 
chlorides decrease, whilst bicarbonates and nitrates increase 
the probability of reversal. In borderline solutions, raising 
the temperature appears to increase the probability of reversal. 

R. A. R. 

A Note on the Effect of Variations of Exposed Area on the 
Solution Potential and Corrosion Rate of Low Carbon Steel. 
J. M. Bialosky. (Corrosion, 1949, vol. 5, Oct., pp. 346-349). 
Solution potential and weight losses were measured for 
samples of the same low-carbon steel with different areas 
immersed in an aerated 3-5% salt solution at 30° C. The 
average solution potential was constant irrespective of the 
exposed area. The average corrosion rate, the standard 
deviation of corrosion rate, and the standard deviation of 
potential measurements decreased with increasing area up to 
25 sq. em. and then remained constant for large areas. 

Rs A; B- 

An Electrical Effect Produced during the Corrosion of a 
Metal in a Magnetic Field. U. Croatto. (Ric. Sci. Ricostruz., 
1948, vol. 18, May—June, p. 626: Physics Abstracts, 1949. 
vol. 52, Aug., p. 502). The surface layer produced by corro- 
sion acts as a semiconductor. If two points A and B are taken 
in the layer, such that AB is perpendicular to the direction 
of corrosion and also to the magnetic field, there exists a 
potential difference, v, between A and B, such that v varies 
with magnetic field strength and distance AB. An example 
is given showing the order of magnitude of v. 

Deterioration of Steel Sheet Pile Groins at Palm Beach, 
Florida. ©. W. Ross. (Corrosion, 1949, vol. 5, Oct., pp. 
339-342). The rate of deterioration of five steel groins at 
Palm Beach has been measured over several years. Four 
groins were of rolled piles 0-375 in. thick with 0-05% max. 
of copper, and one, 0-547 in. thick, of steel with 0-35% of 
copper. The area exposed to abrasion by sand carried by the 
waves deteriorated rapidly. Areas below the sand-abrasion 
level decreased in thickness at about 0-001 in./year, tidal 
areas at 0-005 in./year, and areas permanently above water 
0-011 in./year. The rate of thickness loss for all areas was 
about the same for the two kinds of steel.—Rr. A. R. 

An Investigation into Pin Corrosion on Fraction Suspension 
Insulators. G. A. Williams and M. Alswang. (Transactions 
of the South African Institute of Electrical Engineers, 1949, 
vol. 40, Sept., pp. 196-203). The corrosion of galvanized 
steel pins in porcelain insulators for carrying high-tension 
traction wires was investigated. The effect of soot, salt, and 
acid film contamination in moist atmospheres was _ tried. 
Under South African conditions the corrosion has several 
contributory causes, chief amongst which is the electrolytic 
removal of metal by leakage currents, and to a less extent 
by brush discharge currents. The cheapest and most practical 
method of prevention is to transfer the corrosion to a lead 
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disc surrounding the pin, or to set the pin in lead instead of 
in cement.—R. A. R. 

Corrosion of Metallic Materials in Buildings. J. Friedli. 
(Schweizer Archiv, 1949, vol. 15, Sept., pp. 261-265). 
Examples of the corrosion of metals in building materials 
such as cement, mortar, plaster, moist timber, and in smoky 
atmosphere, rain water, condensed water, chlorides, and 
ammonia, are described. From these it is seen that serious 
corrosion occurs only when moisture is present.—R. A. R. 

Internal Corrosion of Crude-Oil Tanks. R. A. Brannon. 
(World Oil, 1949, vol. 129, No. 1, pp. 190, 192, 194, 200: 
Chemical Abstracts, 1949, vol. 43, June 25, cols. 4621—4622). 
Sour crudes are extremely corrosive inside tanks, with most 
of the damage occurring on the tank bottoms where salt water 
settles, and in the vapour spaces where moisture condenses. 
Protective coatings and their efficiencies are discussed. 
Gunite coatings appear to have been most effective in prevent- 
ing internal corrosion of all portions of tanks of all sizes. 

Corrosion Protection of Idle Boilers by Means of Ammonia. 
F. I. Belan. (Elek. Stansii, 1948, No. 5, pp. 30-31 : Chemical 
Abstracts, 1949, vol. 43, June 25, col. 4623). Idle steel boilers 
are filled with ammonia up to a pressure of 100 mm. mercury, 
which keeps them protected against corrosion. 

The Causes and Prevention of Corrosion in Industrial Type 
Steam Turbines. (Engineering and Boiler House Review, 
1949, vol. 64, Aug., pp. 238-242). An investigation by W. H. 
Allen, Sons and Co., Ltd., into the causes of corrosion of 
steam turbines is reported. As a result of tests electrolytic 
attack due to stray currents from generators, and the stimu- 
lation of certain chemical reactions by the presence of an 
electromagnetic field were ruled out. Injections of a chromate 
inhibiting solution were tried but abandoned in favour of 
colloidal graphite injections. A feed of 8 oz./10°® Ib. of steam 
was tried and favourable results justifying further work 
were obtained. Leakage during standing, the deposition of 
salts, and attack during running due to water impingement 
were found to be the principal causes. The remedy for deposi- 
tion and standing attack is to fit double isolating valves with 
an atmospheric drain between them and to keep the soluble 
salt content of the boiler water as low as possible, also to 
prevent priming. Prevention of impingement can only be 
satisfactorily achieved by the use of a sufficient degree of 
superheat.—R. A. R. 


ANALYSIS 


Report of the Committee for Standardization of Methods of 
Analysis. (Instituto del Hierro y del Acero, 1948, vol. 1, 
Oct.—Dec., pp. 42-46). [In Spanish]. The Committe first 
classified the various analytical methods for each of the ele- 
ments. One difficulty is the importation of some of the neces- 
sary reagents. All interested works are invited to comment on 
these provisional methods for one year. The Institute is also 
making a critical study of them. As regards physico-chemical 
methods of analysis, there is no standardization. Spectro- 
graphic methods are better known than photometric and 
potentiometric methods, and can be standardized more 
widely. Photometric methods have been very little used in 
Spain up to the present time. In potentiometric and photo- 
metric methods, it is intended to study the fundamentals of 
the method, and the factors which affect results. Polaro- 
graphic methods are not provided for in the report. There 
was much discussion on the definition and suitability of the 
terms ‘ photometric,’ ‘ absorptiometric,’ and ‘ colorimetric.’ 
The report is a survey of what had been done to try to stan- 
dardize methods, but no technical discussions on details are 
given.—R. s. 

Volumetric Analysis of Iron and Its Ores and Alloys. F. 
Burriel Marti and F. Lucena Conde. (Instituto del Hierro y 
del Acero, 1948, vol. 1, Oct., Dec., pp. 111-114). [In Spanish]. 
Determination of iron is carried out by prior reduction with 
titanium sulphate in the presence of sulphocyanide as an 
indicator, and subsequent determination with dichromate. 
The advantages and disadvantages of prior reduction by 
stannous chloride are discussed. The method is used for the 
analysis of iron in some ores and alloys.—R. s. 

Spectrographic Determination of Aluminium and Titanium 
in Steels. J. Kuba. (Hutnické Listy, 1949, vol. 4, Aug., 
pp. 237-241). [In Czech]. Spectrographic methods, developed 
at the Poldi steelworks, for the determination of aluminium 
and titanium in steel are described. A Feussner spark with a 
rotating spark gap is used. The specimen electrodes are 
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produced by drawing molten steel into a 3-mm. capillary 
glass tube which is plunged into water ; the glass cracks off 
leaving a clean smooth rod which is cut to make a pair of 
electrodes.—. G. 

Polarographic Studies with the Heyrovsky Dropping Mer- 
cury Electrode. Part VI[—Determination of Metallic Elements 
(Pb, Cd, Zn, Ni, Co and Mn) in Small Quantities by Means of 
a Compensating Circuit. I-—-General Characteristics of the 
Method. II—Evaluation and Limits of Detection of the 
Elements. KR. Portillo and P. Sanz-Pedrero. (Anales de la 
Real Sociedaded Espajiola de Fisica y Quimica, B, 1949, 
vol. 45, July-Aug., pp. 1105-1112, 1113-1122). [In 
Spanish]. The polarographic determination of metallic ele- 
ments in small quantities requires the use of a galvanometer 
at maximum sensitivity and this gives rise to two difficulties. 
The first is the presence of oxygen in the base solutions, which 
is overcome by the use of 0-1 N Na,SO, as a base solution. 
The second is the interference by residual currents due to the 
drops of mercury from the capillary, and this is dealt with 
by a compensating circuit to overcome the interference. 

The quantitative estimation of the cadmium, lead, cobalt, 
nickel, zinc, and manganese ions in quantities between 7 and 
25 * 10~* g./l. was effected in a sodium sulphite solution. 
All except lead, zinc, and nickel can be determined simul- 
taneously.—R. $ 


ECONOMICS AND STATISTICS 


Iron and Steel in the Long-Range Planning for Europe. 
F. Baade. (Stahl und Eisen, 1949, vol. 69, Nov. 10, pp. 837 
838). The probable effects of the fulfilment under the Marshall 
Plan of the contemplated increases in steel production by the 
countries participating in the Plan are discussed and a plea 
is made for a comprehensive scheme for the rapid removal 
of hindrances to trade between the countries of Europe and 
for a plan of investment based, not on political boundaries, 
but on achieving the maximum advantage from the dollars 
expended.—R. A. R. 

The British Iron and Steel Industry in 1949. (Engineer, 
1950, vol. 189, Jan. 13, pp. 61-63 ; Jan. 20, pp. 74-76). Pro- 
gress made during 1949 in reconstruction and the installation 
of new plant at a number of British iron and steel works under 
the ‘Steel Development Plan’ announced in May, 1946, is 
reviewed.—R. A. R. 

The Development of the Iron and Steel Industry in the 
Union of South Africa, with Special Reference to ISCOR. 
F. Meyer. (Journal of the South African Institution of Engin- 
eers, 1949, vol. 48, Sept., pp. 35-44). A short history of 
attempts to establish an iron and steel industry is given and 
followed by a survey of the technical problems involved in 
the establishment and growth of the South African Iron and 
Steel Industrial Corporation, Ltd. The hematite at Thaba- 
zimbi contains up to 68% of iron and it is necessary to mix 
Pretoria ore with it in order to obtain enough slag for efficient 
blast-furnace operation. When the coke is not hard enough 
the coal is finely ground, moistened, and mechanically stamped 
into briquettes in a steel box, and these briquettes are charged 
into the coke ovens. This method, as well as loose coal charg- 
ing, is practised and there is not much difference between the 
results. Future trends are discussed.—R. A. R. 

International Comparison of Production, Personnel, and 
Efficiency in the Iron and Steel Industry. H. Euler. (Stahl 
und Eisen, 1949, vol. 69, Nov. 10, pp. 827-835). The statistics 
of production and workers employed in the iron and steel 
industries of the Western European countries and the United 
States from 1927 to 1948 are analysed. The comparison is 
made on the basis of tons of ingots/man/year and total annual 
production of ingots in millions of tons. For Great Britain it 
is shown that the production of 51 tons/man/year in 1938 
and 1939 fell to 43 tons in the period 1939 to 1943, whilst 
from 1944 to 1948 production rose from 11-5 to 14-6 million 
tons with very little change in the number of men employed. 
(A translation is in course of preparation).—R. A. R 

Modern Technical and Economic Direction of the Manufac- 
ture of Metallurgical Products. J. Miles. (Instituto del Hierro 
y del Acero, 1948, vol. 1, Oct.—Dec., pp. 35-37). [In Spanish]. 
The author emphasizes the importance of metallurgical 
products to modern civilization. Most countries with metal- 
lurgical industries have exhausted their deposits of high- 
grade raw materials and must base their future metallurgical 
industries on low-grade home or imported raw materials. 
Transport costs without and within the works are a matter 
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for serious consideration. In view of rising labour costs, 
there is a tendency to install ever greater mechanized and 
continuous-production units of greater capacity. He also 
discusses fuel economics, selection of the finished product 
and manufacturing procedure, utilization of by-products, 
general manufacturing costs, and future tendencies.—Rr. s. 


MISCELLANEOUS 


The Twentysecond International Congress on Industrial 
Chemistry at Barcelona. (Metalurgia y Electricidad, 1949, 
vol. 13, Nov., pp. 28-30). [In Spanish]. The Congress consis- 
ted of 25 sections. This review is confined to a brief summary of 
papers at the section on ‘ Ore Preparation and Metallurgy.’ 
These dealt with: Production of malleable iron ; an instru- 
ment for measuring the elongation of tensile test-pieces, 
especially suitable in cases where rupture has occurred near 
one end or where elongation is extremely small ; beneficiation 
of cinder from the roasting or iron pyrites fines ; physico- 
chemical study of the isothermal transformation of austenite ; 
Thomas process ; some results of Jominy tests on 15 Spanish 
special steels ; and production of sulphur in France.—Rr. s. 

Conveyor-Flow Twist Drill Manufacturing Plant. (Machinery. 
1949, vol. 75, Nov. 10, pp. 690-691). The new plant used at 
the English Steel Corporation Ltd., North Street Works, 
Manchester, for the production of twist drills is described. 


The main feature of this plant is its conveyor system which 
has enabled the output to be increased by 15 to 20%.—k. r. rv. 

Twist Drill Manufacture. (Machinery, 1950, vol. 76, Feb. 2, 
pp. 147-156, Feb. 9, pp. 188-191). Further details are given 
of the English Steel Corporation’s new plant for the manu- 
facture of twist drills. The arrangement of the production 
lines is shown. These consist of three lines each served by 
two conveyors and a central enclosed inspection and control 
room. The various machines used for the machining opera- 
tions and the heat-treatment equipment with their operation 
are described.—R. F. F. 

Laboratory Kyrptol Furnace for Temperatures up to 2000 
[C]. V. P. Zegzhda. (Ogneupory, 1949, vol. 14, No. 1, pp. 
22-27 [in Russian] American Ceramic Abstracts, 1949, 
vol. 32, Sept., pp. 214-215). 

A Laboratory High-Frequency Induction Furnace. «. 
Ligonniére, H. Creveaux, and C. Guillaud. (Journal des 
Recherches du Centre National de la Recherche Scientifique, 
1948, pp. 168-177: Chemical Abstracts, 1949, vol. 43, June 
25, col. 4581). Design considerations are discussed for a 20-kW. 
vacuum-tube induction furnace. 

Safe Handling of Radioactive Isotopes. (National Bureau 
of Standards, 1949, Handbook 42). This publication makes 
general recommendations for the typical laboratory and small 
industrial operations involving the use of radio-active isotopes. 

R. A. R. 
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AMERICAN Socrety For TestinG Mareriats. “A.S.7T.M. 
Standards on Industrial Water.”’ 8vo, pp. viii 1431-1564. 
Philadelphia, 1949: The Society. (Price $1.75) 

This new compilation, prepared by the A.S8.T.M. Com- 
mittee D-19, brings together in convenient form the various 
A.S.T.M. standard methods of sampling, analysis, and 
testing of industrial water. These methods have been 
developed particularly for the examination of water 
employed industrially in the generation of steam or for 
process or cooling purposes, and for the examination of 
deposits formed from such waters. The publication 
includes 26 methods which cover sampling, analysis, 
corrosivity tests, methods of reporting, and general testing 
methods. Attention has also been given to the problems 
involved in the industrial wastes carried by these waters, 
and a round table discussion on the need for standards for 
the examination of water-borne industrial wastes is repor- 
ted in A.S.T.M. Bulletin, Dec. 1949.—n. E. 

Burxkuarpt, A. “ Beitriige zur spanlosen Formgebung von 
Metallen.” (Schriften der deutschen Gesellschaft fiir 
Metallkunde E.V.), 8vo, pp. 76. Illustrated. Stuttgart, 
1940: Dr. Riederer-Verlag. (Price DM 6.40) 

This informative little booklet deals with the fabrication 
of metal objects, particularly of complex shape, by plastic 
deformation as opposed to machining. The methods 
described fall within the broad categories of pressing (or 
drawing) and rolling ; two typical examples which give an 
idea of the type of fabrication described, are the production 
of air-cooled engine cylinders, using fluted rolls, and the 
production of tapered T-sections, using spirally grooved 
rolls. The book has no pretensions to being a comprehensive 
treatise on the subject, but, as its title implies, gives 
representative examples illustrating the applications of 
the methods. Details are given both of the geometrical 
design of the tools, and of suitable chemical composition 
and physical properties, e.g., hardness of tool materials. 
The descriptive matter is very concise ; design formulae 
and quantitative data are quoted, and the illustrations, 
particularly the engineering drawings, are excellent. A 
short appendix deals with the production of machine tools. 
Despite its limited content, this booklet should be of great 
interest to engineers concerned with the fabrication of 
metals.—M. A. VERNON. 
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Spécraux. “Les Aciers Fins et Spéciaux Frangais.” 
3rd Edition. 8vo, pp. 332. Paris, 1949. The Chambre. 
French metallurgists and manufacturers of special steels 
have co-operated to produce this extremely useful manual 
based on present French standards for special steels. 
Data are assembled in a simple and orderly manner for 
quick reference, enabling a selection to be made of steels 
for various applications. To the British metallurgist 
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wishing to know the analysis and properties of a steel to a 
French standard code number, it is an invaluable reference 
book. 

The book begins with a list of names and addresses of 
42 French makers of special steels. 

In view of the difficulty in standardizing the numerous 
analyses within a small compass, the entire range of special 
steels is grouped into nine broad classes: High-speed 
steels ; alloy tool steels ; carbon tool steels ; magnet steels : 
electric resistance alloys: special application steels (e.g., 
non-magnetic steels, steels for pyrometry) ; stainless and 
heat-resisting steels ; alloy structural steels ; and carbon 
structural steels. 

A separate section devoted to each class comprises a list 
of manufacturers and also gives a good description of the 
steels, including analyses, structures, and relevant code 
numbers ; treatment details (cutting, forging, annealing, 
hardening, tempering) ; and additional special information, 
e.g., magnetic properties and the calculation of resistance 
of electric heaters, ete. 

The book also presents some useful definitions of struc- 
tures and a summary of some fundamentals such as the 
iron-carbon diagram, heat-treatment principles, isothermal 
transformation diagrams, and temperature measurement. 

Finally, there is a section on applications in the form of 
an alphabetical list of products with the corresponding 
steels. 

The work is adequately cross-referenced.—R. SEWELL. 


Cuttine, T. A. “Manual of Spectroscopy.” 8vo, pp. vi 4- 220. 


Illustrated. Brooklyn, N.Y., 1949: Chemical Publishing 
Co., Inc. (Price 48s. 9d.) 

This book seems to represent a reaction from the current 
trend in American physics towards an increasing reliance 
on expensive instruments, preferably electronic. The author 
recommends that one should make a spectroscope for 
oneself, and the instructions given are sufficiently encourag- 
ing for the reviewer to have carried them out. A plywood 
spectroscope based on a replica grating now lies in his work- 
shop. Unfortunately the author underestimates the diffi- 
culty of converting a spectroscope into a spectrograph 
and offers no criterion for judging the performance of the 
instrument when made. 

The book is written for the prospector rather than the 
geophysicist, since it assumes no knowledge of physics or 
algebra, and contains no equations. This omission is made 
more serious by the deplorably inadequate bibliography. 

The book can only be recommended to a non-technical 
reader who wants a general introduction to spectroscopy 
and metallurgy ; it contains a lot of information about 
metals and their usual minerals. Teachers of metallurgy 
would find it easy to read.—E. H. 8. van SoMEREN. 


Du Rrerz, D., and Kocu, H. “Praktisches Handbuch der 
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Lichtbogenschweissung.’ 3 Aufl. S8vo, pp. viii 300. 
Illustrated. Brunswick, 1948: Friedr. Vieweg und Sohn. 
(Price DM 13.50). 

The first edition of this book was published in Swedish, 
by Du Rietz in 1939, and in translating it into German for 
the present edition, the authors have taken the opportunity 
of reviewing it and bringing it up to date. There have been 
so many developments in the technique of welding during 
the war years that this revision has had to be quite exten- 
sive, and, in particular, the sections dealing with ‘ Machines 
and Equipment for Arc Welding’ and ‘Costing’ have 
been completely rewritten. The book is intended to serve 
the needs of the qualified welding engineer and the trainee 
for a compact textbook, and, in order to make it self- 
contained, there is a brief introductory section on the 
chemical, physical, and metallurgical principles on which 
the process depends, followed by a review of the different 
welding processes ; and thereafter, the book deals exclu- 
sively with are welding. The technique of arc welding is 
covered in all its aspects, theoretical and practical, and 
more space is devoted to the welding of steel, although there 
are sections dealing with non-ferrous metals and cast iron. 
Specific industrial applications of the arc-welding process 
are, for the most part, omitted, and the authors intend that 
these shall, in due course, form the subject of a later 
publication. There is a short appendix on gas and arc 
cutting, and a list of German specifications (chiefly DIN 
standards and railway specifications). References to the 
literature, which are 384 in number, are confined to German 
publications, and with this limitation they appear ade. 
quately to cover the ground up to 1944. It will be noted that 
in some cases the authors have been content to refer very 
briefly to a new process or technique, and to indicate where 
the reader may, if he wishes, find a fuller description. This 


course has no doubt been dictated by the necessity of 


preventing the book from becoming too large. The text is 
written clearly and concisely, and the line diagrams are 
adequate, but the reproduction of photographs suffers 
from the inferior quality of the paper on which they are 
printed ; moreever, they are frequently too much reduced 
in scale to be really informative. Altogether, with minon 
reservations, it must be considered a competent publication 
which will no doubt serve a useful purpose to German 
readers ; others will probably find the ground adequately 
covered by other publications in their own languages. 

M. A. VERNON. 


‘Handbook of Industrial Radiology.’ By Members of the 


Industrial Radiology Group of the Institute of Physics. 
Ndited by J. A. Crowther. Second Edition. 8vo, pp. 
viii -++ 218. Illustrated. London, 1949: Edward Arnold 
and Co. (Price 21s.) 

This handbook, the first edition of which appeared in 
1944, had its origin in a series of lectures given before the 
Industrial Radiology Group of the Institute of Physics. 
No major changes in the principles and practice of industrial 
radiology have taken place since the appearance of the 
first edition, but improvements both in X-ray equipment 
and in photographic materials have been sufficiently 
important to require some changes in the text. Although 
the alterations and additions are most conspicuous in the 
chapters entitled ‘ Requirements in Design of Industrial 
X-Ray Equipment’ and ‘ The Response of Photographic 
Materials to X-Rays,’ the opportunity has been taken to 
make a complete revision of the whole of the text. The 
contents are as follows: (1) The Physical Principles of 
Industrial Radiography, by W. J. Wiltshire ; (2) Require- 
ments in Design of Industrial X-Ray Equipment, by E. J. 
Tunnicliffe ; (3) Quantitative Measurements in Industrial 
Radiology, by R. H. Herz; (4) The Response of Photo- 
graphic Materials to X-Rays, by H. S. Tasker; (5) The 
Radiography of Heavy Metals, by R. Jackson; (6) The 
Radiography of Light Metals, by W. L. Harper ; (7) Gamma 
Radiography, by C. Croxson ; (8) Some Uncommon Appli- 
cations of Industrial Radiography by L. Mullins; and (9) 
X-Ray Protection, by W. Binks. A table of linear 
absorption coefficients appears in an appendix.—Rr. E. 


JEAN, M. “Precis d’Analyse Chimique des Aciers et des 


Fontes.” 8vo, pp. xxii + 542. Paris, 1949. Dunod. 
(Price 3360 francs) 

A Joint Ministries Committee for the Unification of 
Methods of Chemical Analysis for Steels and Cast Irons 
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was set up in 1937 to draw up operational methods common 
to the Departments of War, Navy, and Air. This Committee 
issued its Report in February 1941 in three parts : History 
of the work of the Committee ; reports on each of the 
elements studied : and methods proposed. The principles 
of the methods were not essentially new, but the methods 
were critically examined and selected. The Report was 
presented to the French Association of Standards 
(A.F.N.O.R.) to serve as a basis for standardization, and it 
had a limited circulation amongst industrial laboratories. 
The Bureau of Standards of the Iron and Steel Industry 
then proceeded to collect all the documents relating to 
methods of analysis constantly studied and reviewed by 
French industrial laboratories. To this mass of information 
was added a considerable amount of data from Committee 
minutes and private and official correspondence, which 
was both voluminous and diffused. 

The present work proposes to assemble all these docu- 
ments in the form of a précis. Considerable recourse has 
been had to the data in the literature, but the book is, 
nevertheless, a witness to the work of the French Standards 
Committee, and is intended to fill the gap caused by the 
lack of modern work in French. 

The methods given are based on ease and rapidity of 
operation and conform to practical needs and economic 
conditions, It is intended that each method be applicable 
in each given case and that there should not be a plurality 
of methods left, without discrimination, to the choice of 
the operator. 

The book consists of 24 chapters, each devoted to an ele 
ment. Each chapter gives information on the influence of 
the element on the properties of the metal, the percentag: 
of the element usually found or tolerated, other elements 
usually present, structures formed, and any analytical 
precautions to be taken. The most modern methods of 
analysis are included and future progress is indicated. 

Certain elements not included in the Joint Ministry 
Report have been included, and for these (tin, beryllium, 
lead, zirconium, tantalum, niobium, and boron) draft 
standards are given. No methods are given for antimony, 
magnesium, thorium, cesium, uranium, selenium, tellurium, 
oxygen, and hydrogen, for which the operator is referred 
to Gmelin and American publications. Qualitative analysis 
methods are not given, but reference is made to these in 
the literature. Diagrams and curves have been purposely 
omitted. 

The publisher. expresses the hope that this book will 
be an instrument both for study and research. 

A bibliography is appended to each chapter.—R. SEWELL. 


Sutty, A. H. “Metallic Creep and Creep Resistant Alloys.’ 


8vo, pp. Xii 278. Illustrated. London, 1949: Butter- 
worth’s Scientific Publications. (Price 25s.) 

This is a very good book which deals comprehensively 
with the whole subject of creep. 

After a short introductory chapter the author goes on to 
describe the method used for the measurement of the creep 
of metals, and the standard machines are clearly illustrated 
and described. It is, however, unfortunate that he should 
have used an exact reproduction of the drawing of Chalmer’s 
Optical Interference Extensometer. This is illustrated by 
two drawings, viz: Figs. 14(a) and 14(b), but they have been 
so arranged that the two are in actual contact with one 
another, and members that are in contact with the test- 
piece appear to be part and parcel of the weight which 
applies the stress. 

Chapter 3 deals with the characteristics of creep curves, 
and is probably the most interesting part of the whole 
book. The author deals with ‘transient’ and ‘ quasi- 
viscous ’ creep, with the prediction of creep properties, 
with tertiary creep and fracture, and with microcreep. In 
Chapter 4 he considers the particular features accompany- 
ing the flow of metals in creep tests, which is more or less 
a further development of the theme of the previous chapter. 

From the user’s point of view the final three chapters 
are probably of most interest. Chapter 6 is devoted to a 
consideration of the creep properties of ferrous alloys, whilst 
chapter 7 deals with non-ferrous alloys. The latter is 
particularly comprehensive and gives the properties of 
tin and its alloys, lead and its alloys, zine and its alloys, 
magnesium-base alloys, aluminium-base alloys, copper and 
its alloys, nickel-base alloys, cobalt-base alloys, and chrom - 
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ium-base alloys. The final chapter is devoted to a considera- 
tion of the development of creep-resistant materials. This 
book should be of equal value to student, to alloy manu- 
facturer, and to user.—J. FERDINAND KAYSER. 

Zeyven, K. L. ‘‘ Neue Erkentnisse und Entwicklungen beim 
Schweissen von Eisenwerkstoffen.”? 8vo, pp. 214. Munich, 
1949: Carl Hanser Verlag. (Price DM 12.80 Bound, DM 
10.80 Unbound) 

One of the author’s avowed objects in this book is to bring 
recent scientific and technical progress in welding in 
countries other than Germany to the notice of German 
engineers. It serves, however, a much wider purpose, 
since it is, in effect, a review of world literature on the 
welding of ferrous materials covering the approximate 
period 1940-1949. Dr. Zeyen’s approach to the subject is 
that of a metallurgist, and he shows as much interest in 
basic research as in the development of new processes. 
After a brief introduction and a statement of the advan- 
tages of the welding process (in which there seems to be an 
implicit assumption of its superiority over other means of 
fabrication), there is a résumé of the development of 
welding technique during the late war, and of its present 
status in which economy in material and increased output 
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are stressed. Next follows an interesting section on the 
controversial subject of weldability, under the title “‘ When 
is a ferrous mater ial weldable ? ” in which recent researches 
are reviewed in some detail. The conclusion is, naturally, 
that there is yet no means of expressing the ‘ weldability ’ 
of a steel in terms of any quantitative index, and that 
weldability is a function as much of the process as of the 
material. The remainder of the book is a systematic review 
of researches—particularly on the effects of composition 
of the electrode and the material to be welded—and of new 
processes, e.g., low-temperature eutectic welding. Finally, 
there is a bibliography of 228 references to the literature. 
Mention should be made of the considerable amount of 
quantitative data, both numerical and graphical, whic! 
add to the interest of the book. The author is to hb 
commended on his discriminating choice of literature for 
review ; by keeping this within manageable bounds he is 
enabled to deal in reasonable detail with the various 
developments which he reports. The value of any periodica! 
review, such as this, must necessarily be ephemeral, but 
none the less, its many virtues should make it a welcom« 
addition to topical literature on the science and practice of 
welding.—M. A. VERNON. 
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J. R. MENZIES-WILSON, 0O.B.E. 


AMES ROBERT MENZIES-WILSON was born in China in 1892. He was educated 
J at Fettes College and at Cambridge University, where he took the degree of 
B.A. in Mechanical Sciences. In 1913 he was apprenticed to Messrs. Fullarton, 
Hodgart, and Barclay, Limited, of Paisley, but on the outbreak of war he joined the 
army and was commissioned in the Royal Engineers ; he was awarded the O.B.E. 


in 1917. 


Mr. Menzies-Wilson was demobilized with the rank of Captain, in 1919, and became 
a learner in the Scottish Works of Messrs. Stewarts and Lloyds, Limited. In 1922 he 
was appointed Manager of the Company's Imperial Tube Works at Airdrie, where he 
remained for the next four years. Five years later he went to South Africa to become 
Managing Director of Messrs. Stewarts and Lloyds of South Africa, Limited, and he 
was responsible for building the Company's new tube works in that country. In 1928 
he was elected Chairman and, under his leadership, operations were greatly expanded 
and developed during the following six years. The Company's flourishing condition 


today is largely due to Mr. Menzies-Wilson’s work in those early days. 


In 1934 he returned to the paret:it Company to become Managing Director of 
production in this country, although he remained Chairman of the South African 
concern. In 1941 he was appointed Managing Director of iron and steel production, 
and acted in this capacity until hisappointment, in 1948, as Managing Director of 
minerals and land for Messrs. Stewarts and Lloyds, Limited. At the beginning of this 
year a new subsidiary Company, Messrs. Stewarts and Lloyds Minerals, Limited, was 
formed to take care of this section of the Company's interests, and Mr. Menzies-Wilson 
became its first Chairman. At the end of the last war he spent a year in Germany as 
a member of the Control Commission, acting as Director-General of the Metallurgy 


Branch of the Economics Division and as Deputy Chief of that Division. 


Mr. Menzies-Wilson was elected a Member of The Iron and Steel Institute in |934, 
became a Member of Council in 1937, was elected a Vice-President in 1944, and assumed 


the office of President at last month's Annual General Meeting. 








J R. Menzies- Wilson, 0.B E 


President 





Vavana Vandyk 
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